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ABSTRACT
Objectives National immunisation coverage rate masks 
subnational immunisation coverage gaps at the state and 
local district levels. The objective of the current study was 
to determine the sociodemographic factors associated 
with incomplete immunisation in children at a sub- national 
level.
Design Cross- sectional study using the WHO sampling 
method (2018 Reference Manual).
Setting Fifty randomly selected clusters (wards) in four 
districts (two urban and two rural) in Enugu state, Nigeria.
Participants 1254 mothers of children aged 12–23 
months in July 2020.
Primary and secondary outcome measures Fully 
immunised children and not fully immunised children.
Results Full immunisation coverage (FIC) rate in Enugu 
state was 78.9% (95% CI 76.5% to 81.1%). However, stark 
difference exists in FIC rate in urban versus rural districts. 
Only 55.5% of children in rural communities are fully 
immunised compared with 94.5% in urban communities. 
Significant factors associated with incomplete 
immunisation are: children of single mothers (aOR=5.74, 
95% CI 1.45 to 22.76), children delivered without skilled 
birth attendant present (aOR=1.93, 95% CI 1.24 to 2.99), 
children of mothers who did not receive postnatal care 
(aOR=6.53, 95% CI 4.17 to 10.22), children of mothers 
with poor knowledge of routine immunisation (aOR=1.76, 
95% CI 1.09 to 2.87), dwelling in rural district (aOR=7.49, 
95% CI 4.84 to 11.59), low- income families (aOR=1.56, 
95% CI 1.17 to 2.81) and living further than 30 min from 
the nearest vaccination facility (aOR=2.15, 95% CI 1.31 to 
3.52).
Conclusions Although the proportion of fully immunised 
children in Enugu state is low, it is significantly lower 
in rural districts. Study findings suggest the need for 
innovative solutions to improve geographical accessibility 
and reinforce the importance of reporting vaccination 
coverage at local district level to identify districts for more 
targeted interventions.

INTRODUCTION
Immunisation, defined as the process that 
makes a person immune or resistant to an 
infectious disease, typically by the administra-
tion of a vaccine, is one of the most effective 

interventions in contemporary public health 
practice.1 2 Several cost–benefits analyses 
have consistently placed immunisation as 
one of the most cost- effective health inter-
ventions with huge direct and societal bene-
fits.3–8 Immunisation saves about 2–3 million 
lives every year,1 2 and has successfully led 
to the elimination of a number of vaccine- 
preventable diseases in some high- income 
countries, including polio, diphtheria and 
pertussis.3 9 Indeed, childhood immunisa-
tion has had a remarkable impact on child 
morbidity and mortality worldwide with 
immense positive multiplier effects on the 
larger communities.3 5 9

Nigeria is one of the 10 countries (Angola, 
Brazil, the Democratic Republic of the Congo, 
Ethiopia, India, Indonesia, Mexico, Nigeria, 
Pakistan and the Philippines) that account 
for over 60% of the children who did not get 
DPT3 in 2019.1 DTP3 coverage is an indicator 
of how well countries are providing routine 
immunisation (RI) services.2 In 2017, about 

Strengths and limitations of this study

 ► The estimates presented in the study for the sub-
national level are potentially more accurate than 
previous estimates.

 ► We adhered to the guidelines in WHO Vaccination 
Coverage Cluster Surveys Reference Manual 2019, 
thus enabling greater comparability with future 
studies using the same method.

 ► Due to the observational cross- sectional design, 
we cannot establish a causal relationship between 
these factors and vaccination.

 ► This study considerably relied on maternal recall 
which can lead to overestimation or underestimation 
of immunisation coverage estimates.

 ► We were unable to access pockets of historically 
healthcare- marginalised population in one of the 
settlements due to security concerns.
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20% of the world’s infants with incomplete DPT immuni-
sation lived in Nigeria.10 Three million of the estimated 
8.9 million infants in the WHO African Region who did 
not receive any measles containing vaccine in 2015 live in 
Nigeria.11 Hence, Nigeria accounts for nearly 40% of the 
28 279 confirmed measles cases reported from the WHO 
African Region in 2016.12

The Expanded Programme on Immunization in 
Nigeria, created in 1979, had a significant impact during 
the first few years with immunisation coverage peaking 
at 81.5% in 1990.13–15 Immunisation coverage plummeted 
to 12.3% in 2003,15 due to a myriad of factors including 
low government commitment to Expanded Programme 
on Immunization (EPI) policy, over- centralisation in the 
administration of EPI at the federal level, collapse of the 
primary healthcare service on which EPI services were 
delivered, and vaccination refusal mostly due to religious 
beliefs in the northern part of the country.15 Several strat-
egies were deployed in subsequent years to address the 
low immunisation coverage, including RI strengthening, 
supplemental immunisation activities, global positioning 
system tracker and several community- level interven-
tions.16 Despite these efforts, preliminary results of the 
2019 National Nutrition and Health Survey suggests a 
national DTP3 coverage of 67%.17 However, even the low 
national immunisation coverage rates mask subnational 
immunisation coverage gaps at the state and local district 
levels.18 For example, immunisation coverage ranged 
from 5% to 48% across states in northern Nigeria in the 
2018 National Demographic and Health Survey (DHS).19

The Immunization Agenda 2030 (IA2030) is a global 
strategy led by the WHO to ensure every child is protected 
by full immunisation, regardless of location, age, socio-
economic status or gender- related barriers by 2030.20 
Despite overall improvements in immunisation coverage 
at the national level,21 geographic variations in the 
immunisation coverage persists at most subnational and 
district levels.18 Achieving geographical parity, however, 
depends on capturing and understanding local patterns 
of coverage required to provide optimal, child- focused 
vaccine delivery services.1 18 Also, while nationally repre-
sentative surveys such as the DHS and Multiple Indicator 
Cluster Survey have a standardised data collection proce-
dures across countries that is also consistent over time,22 
presenting immunisation coverage at national levels fails 
to capture the all- important local patterns of coverage 
required to properly fine- tune vaccine delivery services. 
Furthermore, relying on subnational administrative data 
for assessing immunisation system performance and 
tracking progress is often fraught with limitations such as 
missing data and poor data quality.18 23

This study seeks to identify the factors associated with 
incomplete immunisation at the subnational level using 
Enugu state as point of focus. Enugu state has a high 
number of unimmunised children,24 and has the lowest 
proportion of children with complete immunisation 
in the southeast region.25 Hence, employing the WHO 
multi- stage sampling methods for community survey,26 

this study aims to identify the sociodemographic factors 
associated with incomplete immunisation in children 
aged 12–23 months at a subnational and local level. Our 
findings could help tailor strategies and operational plans 
to address immunisation gaps and reach children in every 
district with life- saving vaccines.

METHODS
This was a community- based cross- sectional survey of 
mothers of children 12–23 months old residing in Enugu 
state in July 2020. The study considered all children 12–23 
months old eligible for sampling, and used the Strength-
ening the Reporting of Observational Studies in Epide-
miology guidelines to ensure appropriate reporting of its 
study’s design, conduct and findings.27

Study setting
Nigeria is the most populous country in Africa and the 
sixth most populous in the world.28 She is located in 
Western Africa and is divided into six geopolitical regions: 
northeast, northwest, northcentral, southsouth, southeast 
and southwest. She has 36 states—the second administra-
tive division, and a federal capital territory in Abuja. Each 
state is further divided into smaller administrative units 
called local government areas (LGAs) and each LGA is 
further divided into wards.

Enugu state is one of the 36 states in Nigeria (figure 1) 
and one of the five states that make up the southeast 
geopolitical region in the country. Enugu state is further 
divided into 17 LGAs, four of which are predominantly 
urban (Enugu East, Enugu North, Enugu South and 
Nsukka) and the rest are predominantly rural. Enugu 
state’s 2020 projected population is 4 769 916, with most 
of the population living in urban centres in Enugu and 
Nsukka.29 30

Sample size
Using steps described in the WHO Vaccination Coverage 
Cluster Surveys Reference Manual 2019,26 we determined 
the sample size using immunisation coverage of 36.0% 
obtained for Enugu state in the most recent 2018 Nigeria 
DHS,25 significance level of 5.0%, precision of 5.0%, 
design effect of 2.531 and an inflation of 15% (to account 
for non- response). The calculated minimum sample size 
was 1183 which we increased to 1250 to boost the power 
of the study.

Sampling procedure
We used a three- stage sampling technique. In the first 
stage, we used a simple random sampling technique by 
balloting to select four LGAs: two each from the urban 
and rural areas of the state. In the second stage, we 
randomly selected (by balloting) a total of 50 clusters 
based on probability- proportional- to- population: 15 clus-
ters from Enugu East LGA, 15 clusters from Enugu North 
LGA and 10 clusters each from Ezeagu LGA and Udenu 
LGA. In the third stage, we selected 25 households in 
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each of the 50 clusters (ward). In each cluster, we selected 
the first household randomly and subsequent households 
contiguously in the right direction until we achieved the 
required number of households for that cluster. From 
each selected household, we selected one eligible child. 
If a selected household had more than one eligible child, 
we selected the youngest child older than 12 months. If 
a selected household had no eligible child, we visited the 
next contiguous household, and selected one eligible 
child.

Data collection
A team of 14 trained community health workers 
collected the data using structured pretested interviewer- 
administered questionnaires. We constructed the ques-
tionnaire from a review of the available literature on 
immunisation surveys in similar contexts,32–34 and tested 

it for acceptability and logical structure in a sample 
of 20 mothers before the study. Prior to the survey, we 
trained the team on the study’s objectives, interpreting 
and extracting data from health cards/vaccination certif-
icates, sampling techniques, walking distance estimation 
using Google Maps mobile app, ethical issues including 
the process of taking informed verbal consent and admin-
istration of the questionnaire. We administered the ques-
tionnaire in Igbo (the local language) except for a few 
non- Igbo speakers whom we administered the question-
naire in English. The research team directed the ques-
tions to the mothers and recorded only their responses.

Data we collected include sociodemographic character-
istics of mothers and children including maternal health-
care (MHC) utilisation (ante- natal care (ANC), skilled 
birth attendant (SBA) present at birth and post- natal care 
(PNC)), knowledge of mothers regarding RI, immunisation 
status of children and reasons for any non- vaccination. If the 
immunisation card was available, we recorded immunisation 
information of each inoculation the child received. If a child 
had never received an immunisation card or the mother was 
unable to present the immunisation card to the interviewer, 
the immunisation data/information for the child was based 
on the mother’s report.

We used Google Map mobile app on smartphones to 
estimate the walking distance from each study participant’s 
house to the nearest vaccination centre in all but four clus-
ters (in Ezeagu LGA). In these four clusters, we first identi-
fied the nearest routine childhood vaccination point in each 
cluster and then estimated the walking distance from this 
nearest vaccination facility to each household included in 
the study. To evaluate mothers’ knowledge of RI and vaccine- 
preventable diseases, the interviewers asked questions on 
the correct purpose of immunisation, different vaccine- 
preventable diseases, the correct age for receiving the 
vaccines and the total number of visits required to complete 
the recommended vaccination for the child. We evaluated 
the responses as per the National Primary Healthcare Devel-
opment Agency RI schedule.35 We coded correct responses 
as 2 points, incorrect responses 1 point, ‘I do not know’ 0 
(zero) point.

Outcome variable
We categorised children as fully immunised, partially 
immunised or unimmunised (zero- dose) based on the 
types and doses of antigens received. We defined a ‘fully 
immunised child’ as a child who had received one dose of 
BCG, three doses of polio vaccine (excluding Oral Polio 
Vaccine (OPV) given at birth), three doses of pentavalent 
vaccine and one dose of measles vaccine by 12 months of 
age. Likewise, we defined a partially immunised child as 
a child who missed at least any one of the above doses, 
and an ‘un- immunised’ or ‘zero- dose’ child as a child 
who had not received any vaccine by 12 months of age.36 
Incomplete immunisation, in this study, includes partially 
immunised children and unimmunised (zero- dose) chil-
dren. Immunisation status was based on mothers’ recall 
and immunisation card record (ie, where the mother 

Figure 1 Map of Nigeria above showing Enugu state and 
map of Enugu state showing the study area (four local 
government areas (LGAs)). Adapted from image culled from 
Ugoyibo et al61.
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presents an immunisation card, the child’s immunisation 
status is based on records in the card, but where an immu-
nisation card is not available, the immunisation status is 
based on mothers’ recall) as recommended by the WHO.26 
A number of other studies have used this method,32 37 
which has proven to be a reliable assessment of immu-
nisation coverage.38–40 We did not include vitamin A and 
yellow fever vaccines in determining complete immunisa-
tion status for this study.

Data analysis
We entered the data into Microsoft Excel (Microsoft, 
Redmond, Washington, DC, USA), cleaned and transferred 
to IBM SPSS V.27.0 (IBM, Armonk, New York, USA) for 
statistical analyses. We used frequency and percentage to 
describe the data, and χ2 test to test for statistical signifi-
cance. We used t- test to assess for statistical difference in the 
mean scores for knowledge of RI. We conducted multivar-
iate logistics regression analyses to estimate adjusted ORs 
with 95% CI while adjusting for mothers age, marital status, 
mothers educational status, mothers occupation, religion, 
ethnic/tribal group, family monthly income, sex of the 
index child and source of information on immunisation. We 
dichotomised aggregate scores for questions on awareness 
of RI into satisfactory knowledge (10 points and above) and 
poor knowledge (less than 10 points) prior to inclusion in 
the regression model. We used p<0.05 to define statistical 
significance, and all tests were two- tailed.

Patient and public involvement
No patients nor the public were involved in developing 
the research question and study design or in the imple-
mentation of the study design, the interpretation of the 
results and writing of the manuscript. There are no plans 
to share the study with patients, will share with the public 
through open access publishing.

RESULTS
Sociodemographic characteristics of mothers and children
We interviewed 1254 distinct mothers with mean (SD) 
age of 28.7 (4.3) years. Forty- eight per cent of mothers 
were aged 20–29 years old, about 89.9% were married, 
93.9% had at least secondary education or higher and 
about three- quarters (75.5%) were employed. The mean 
(SD) age of the children was 16.8 (3.3) months, the age 
ranged from 12 to 23 months and about half (51.0%) 
were girls (table 1).

Full immunisation coverage rate
The full immunisation coverage (FIC) rate in Enugu 
state was 78.9% (95% CI 76.5% to 81.1%), the partially 
immunised rate was 15.7% (95% CI 13.7% to 17.8%), 
while the unimmunised (zero- dose) rate was 5.4% (95% 
CI 4.2% to 6.8%) (table 2). Vaccination coverage rates 
for yellow fever vaccine and vitamin A supplement were 
86.2% (95% CI 84.2% to 88.1%) and 84.4% (95% CI 
82.3% to 86.4%), respectively. DPT3 vaccination coverage 

Table 1 Sociodemographic characteristics of mother and 
children in Enugu state, Nigeria, July 2020

Sociodemographic 
characteristics

Frequency 
(N=1254)

Proportion 
(%)

Mothers’ age

  <20 years 54 4.3

  20–29 years 602 48.0

  ≥30 years 598 47.7

Marital status

  Single 50 4.0

  Currently married 1127 89.9

  Divorced/widowed 77 7.1

Mothers’ education

  Primary or lower 77 6.1

  Secondary or higher 1177 93.9

Mothers’ working status

  Stay- at- home/housewife 307 24.5

  Working mother 947 75.5

Religion

  Christian 1214 96.8

  Islam/Muslim 20 1.6

  African Traditional Religion 20 1.6

Family monthly income*

  <N40 000 (approx. US$100) 544 43.4

  N40 000–N79 999 416 33.2

  N80 000–N119 999 256 20.4

  ≥N120 000 38 3.0

Ethnic group

  Igbo 1201 95.8

  Others 53 4.2

Sex/gender of child

  Female 640 51.0

  Male 614 49.0

Birth order of child

  First born 347 27.7

  Second or third 625 49.8

  Others 282 22.5

Residence/community

  Rural 503 40.1

  Urban 751 59.9

Walking distance to nearest health facility

  <30 min walk 546 43.5

  ≥30 min walk 708 56.5

Source of information on immunisation (more than source 
applies)

  Hospital/health facility 913 72.8

  Family/friends 789 62.9

  Church/Mosque 328 26.2

Continued
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rate, which is pentavalent-3 coverage rate in this study, 
was 83.9% (95% CI 81.7% to 85.9%).

Immunisation coverage rates differed based on the 
rurality–urbanity of communities in the state. FIC rate 
was 94.5% (95% CI 92.7% to 96.1%) in urban commu-
nities and 55.5% (95% CI 51.0% to 59.9%) in rural 
communities. In both urban and rural communities, the 
proportion of children vaccinated with antigens given at 
birth and 6 weeks of age were more than the proportions 
of children vaccinated with antigens given at later ages. 
Of the 1254 children, 578 possessed immunisation cards, 
indicating an immunisation card retention rate of 48.7% 
(95% CI 45.9% to 51.6%). About two- fifths of unvacci-
nated (zero- dose) children were not vaccinated because 

vaccination sites were too far while another two- fifths 
reported absence of vaccines in the health facility (online 
supplemental file 1).

Factors associated with immunisation status
Table 3 shows results from a bivariate analysis of MHC util-
isation history and knowledge of RI. Use of SBA during 
delivery of index child, and reception of postnatal care 
(at least one postnatal visit) were statistically significant 
factors associated with incomplete immunisation. Insuf-
ficient knowledge of RI was also statistically significantly 
associated with incomplete immunisation.

Multivariate logistic regression model was statisti-
cally significant, χ2(25)=24.217, p=0.002. The model 
explained 57.0% (Nagelkerke R2) of the variance in 
immunisation status and correctly classified 90.7% of 
cases. Single mothers (aOR=5.74, 95% CI 1.45 to 22.76), 
mothers who delivered without SBA (aOR=1.93, 95% CI 
1.24 to 2.99), mothers who did not receive any postnatal 
care (aOR=6.53, 95% CI 4.17 to 10.22) and mothers with 
poor knowledge of RI (aOR=1.76, 95% CI 1.09 to 2.87) 
were significant factors associated with incomplete immu-
nisation (table 4). Community level factors associated 

Sociodemographic 
characteristics

Frequency 
(N=1254)

Proportion 
(%)

  TV, radio and social media 193 15.4

*USD=N400.00 on the currency exchange market in July 2020 
(www.oanda.com).

Table 1 Continued

Table 2 Immunisation coverage for routine immunisation (RI) antigens in Enugu state, Nigeria, July 2020

RI antigen

State- wide coverage
N=1254
n (% (95% CI))

Coverage in urban communities
N=751
n (% (95% CI))

Coverage in rural communities
N=503
n (% (95% CI))

Antigens administered at birth

  BCG* 1136 (90.6 (88.8% to 92.1%)) 741 (98.7 (97.6% to 99.4%)) 395 (78.5 (74.7% to 82.0%))

Antigens administered at 6 weeks

  OPV 1 1137 (90.7 (88.9% to 92.2%)) 742 (98.8 (97.7% to 99.5%)) 395 (78.5 (74.7% to 82.0%))

  Penta 1 1136 (90.6 (88.8% to 92.1%)) 738 (98.3 (97.1% to 99.1%)) 398 (79.1 (75.2% to 82.7%))

Antigens administered at 10 weeks

  OPV 2 1083 (86.4 (84.3% to 88.2%)) 741 (98.7 (97.6% to 99.4%)) 342 (68.0 (63.7% to 72.1%))

  Penta 2 1090 (86.9 (84.9% to 88.7%)) 736 (98.0 (96.7% to 98.9%)) 354 (70.4 (66.2% to 74.3%))

Antigens administered at 14 weeks

  OPV 3* 1042 (83.1 (80.9% to 85.1%)) 740 (98.5 (97.4% to 99.3%)) 302 (60.0 (55.6% to 64.3%))

  Penta 3* 1.052 (83.9 (81.7% to 85.9%)) 735 (97.9 (96.6% to 98.8%)) 317 (63.0 (58.6% to 67.3%))

Antigens administered at 9 months

  Measles* 1101 (87.8 (85.9% to 89.6%)) 716 (95.3 (93.6% to 96.7%)) 385 (76.5 (72.6% to 80.2%))

  Yellow fever 1081 (86.2 (84.2% to 88.1%)) 720 (95.9 (94.2% to 97.2%)) 361 (71.8 (67.6% to 75.7%))

Supplements

  Vitamin A 1059 (84.4 (82.3% to 86.4%)) 721 (96.0 (94.3% to 97.3%)) 338 (67.2 (62.9% to 71.3%))

Immunisation status*

  Fully immunised 989 (78.9 (76.5% to 81.1%)) 710 (94.5 (92.7% to 96.1%)) 279 (55.5 (51.0% to 59.9%))

  Partially 
immunised

197 (15.7 (13.7% to 17.8%)) 34 (4.5 (3.2% to 6.3%)) 163 (32.4 (28.3% to 36.7%))

  Unimmunised 
(zero- dose)

68 (5.4 (4.2% to 6.8%)) 7 (0.9 (0.4% to 1.9%)) 61 (12.1 (9.4% to 15.3%))

*Vaccines included in the definition of immunisation status (fully immunised child versus partially immunised versus unimmunised).
BCG, bacille Calmette- Guerin; OPV, Oral Polio Vaccine.

https://dx.doi.org/10.1136/bmjopen-2020-047445
https://dx.doi.org/10.1136/bmjopen-2020-047445
www.oanda.com
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Table 3 Maternal healthcare utilisation history and knowledge of routine immunisation in Enugu state, Nigeria 2020

Characteristics
Fully immunised 
(n=989)

Not fully immunised 
(n=265)

Crude
OR (95% CI) P value

Mothers’ healthcare utilisation history

Use of skilled birth attendants (SBA)

  Yes (hospital) 309 (84.7%) 56 (15.3%) 1.70 (1.23 to 2.35) 0.001

  No (TBA, home delivery) 680 (76.5%) 209 (23.5%)

Attended ante- natal care

  ≥Four ante- natal visits 762 (77.8%) 217 (22.2%) 0.74 (0.53 to 1.05) 0.091

  <Four ante- natal visits 227 (82.5%) 48 (17.5%)

Tetanus toxoid (TT) injection during pregnancy

  ≥2 TT injections 784 (79.0%) 209 (21.0%) 1.03 (0.74 to 1.43) 0.888

  <2 TT injection 205 (78.5%) 56 (21.5%)

Attended post- natal care

  Yes 866 (89.2%) 105 (10.8%) 10.73 (7.87 to 14.63) <0.001

  No 123 (43.5%) 160 (56.5%)

Mothers’ awareness of routine immunisation

What do vaccines do to your child’s body?

  Vaccines help prevent illness 937 (78.5%) 256 (21.5%) 0.63 (0.31 to 1.30) 0.210

  Other responses* 44 (88.0%) 6 (12.0%)

  I do not know* 8 (72.7%) 3 (27.3%)

Mention any disease(s) children’s vaccines can prevent

  Mentioned four (4) or more diseases 481 (90.6%) 50 (9.4%) 4.07 (2.92 to 5.68) <0.001

  Less than four (4) diseases* 502 (70.1%) 214 (29.9%)

  I do not know* 6 (85.7%) 1 (14.3%)

At what age does child immunisation start?

  Just after birth 858 (84.6%) 156 (15.4%) 4.58 (3.37 to 6.22) <0.001

  Stated other dates (1 week, 1 month, etc)* 95 (50.3%) 94 (49.7%)

  I do not know* 36 (70.6%) 15 (29.4%)

When does a child complete his/her immunisation?

  9–15 months 930 (79.6%) 238 (20.4%) 1.79 (1.11 to 2.88) 0.016

  <6 months or >15 months* 51 (67.1%) 25 (32.9%)

  I do not know* 8 (80.0%) 2 (20.0%)

What is the age/schedule for each vaccine?

  Correct schedule for three or more vaccines 952 (83.3%) 191 (16.7%) 9.97 (6.52 to 15.24) <0.001

  Other responses* 26 (26.3%) 73 (73.7%)

  I do not know* 11 (91.7%) 1 (8.3%)

How many HF visits are required for full immunisation?

  At least 5 or 6 visits 686 (80.4%) 167 (19.6%) 1.33 (1.00 to 1.76) 0.049

  <5 visits* 183 (88.0%) 25 (12.0%)

  I do not know* 120 (62.2%) 73 (37.8%)

Scores for knowledge of routine immunisation

  Mean score (±SD) 10.71 (1.61) 9.63 (1.82) 1.07 (0.83 to 1.32)† <0.001

*These responses were combined for estimation of crude OR.
†Mean difference (95% CI).
HF, health facility; TBA, Traditional birth attendant.
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with incomplete immunisation were rural community 
(aOR=7.49, 95% CI 4.84 to 11.59), low- income house-
holds (aOR=1.56, 95% CI 1.17 to 2.81), and living further 
than 30 min walking distance from the nearest vaccina-
tion facility (aOR=2.15, 95% CI 1.31 to 3.52).

DISCUSSION
This study evaluated immunisation coverage data in 
urban and rural areas of Enugu state and offers a close- up 
assessment of sociodemographic factors associated with 
incomplete immunisation at the subnational and local 

Table 4 Factors associated with immunisation status of children aged 12–23 months in Enugu state, Nigeria, July 2020

Sociodemographic characteristics Reference Adjusted OR 95% CI P value

Individual level factors

Mothers’ age

  <20 years 20–29 years 0.17 0.03 to 1.06 0.058

  ≥30 years 20–29 years 0.87 0.57 to 1.34 0.534

Marital status

  Single Married 5.74 1.45 to 22.76 0.013

  Divorced/widowed Married 1.35 0.60 to 3.07 0.468

Mothers’ educational status

  Primary education or lower Secondary education or higher 0.64 0.26 to 1.56 0.383

Mother’s working status

  Working mother Stay- at- home/housewife 1.08 0.63 to 1.85 0.327

Religion of family

  Islam/Muslim Christian 1.53 0.27 to 8.62 0.627

  African traditional Christian 2.21 0.44 to 11.13 0.335

Sex of the child

  Male Female 0.98 0.66 to 1.45 0.914

Child’s birth order

  Second/third child First child 1.52 0.78 to 2.98 0.220

  Fourth and later children First child 1.34 0.48 to 3.74 0.577

Maternal healthcare utilisation

Antenatal care (ANC)

  <4 ANC visits ≥4 ANC visits 1.52 0.71 to 3.22 0.472

Maternal tetanus toxoid

  <2 doses ≥2 doses 0.93 0.41 to 2.10 0.864

Use of skilled birth attendants

  No Yes 1.93 1.24 to 2.99 0.003

Postnatal care

  No Yes 6.53 4.17 to 10.22 <0.001

Knowledge of routine immunisation

Mothers’ knowledge of RI

  Poor Satisfactory 1.76 1.09 to 2.87 0.022

Community level factors

Area of residence

  Rural Urban 7.49 4.84 to 11.59 <0.001

Household monthly income

  <N80 000 (approx. US$200) ≥N80 000 (approx. US$200) 1.56 1.17 to 2.81 <0.001

Distance to nearest vaccination point

  ≥30 min walk <30 min walk 2.15 1.31 to 3.52 0.003

RI, routine immunisation.
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level. There are four main findings from this study. First, 
this assessment of immunisation coverage of children 
aged 12–23 months in 50 randomly selected wards in 
rural and urban districts (LGA) in Enugu state found 
FIC rate in Enugu state to be low, below the Reaching 
Every District (RED’s) subnational target of 80% immu-
nisation coverage. About one in five (21.1%) children 
aged 12–23 months in the state were not fully immunised. 
This suggests that even after almost two decades of imple-
menting the RED strategy in Nigeria, some states in the 
southern region with purportedly high immunisation 
coverage14 did not yet meet the (RED’s) subnational 
immunisation target. This partially explains why huge 
investments in immunisation activities have had minimal 
impact on the incidence of vaccine preventable diseases 
in Enugu state.41

The FIC rate in this study is higher than FIC rates 
reported in other subregions in Nigeria,33 41 and Ethi-
opia,42 43 and lower than FIC rates reported in Cameroon37 
and Ghana.44 The FIC rate is also substantially higher than 
the FIC rate reported for Enugu state (36.4%) in the latest 
(2018) Nigeria DHS.25 There are three possible reasons 
for this difference. The first reason relates to the defini-
tion of FIC: FIC was defined for DHS as having received 
one dose of BCG, one dose of measles, three doses of 
DPT and three doses of OPV vaccines (p224).25 FIC for 
this study was likewise defined as in DHS, but for OPV, 
we defined as three doses of polio vaccine instead, that is 
either three doses of OPV or two doses of OPV and one 
dose of Inactivated polio vaccine (IPV),42 in line with the 
Polio Endgame Strategy 2019–2023.43 To illustrate how 
the difference in FIC definition drives the overall rates, 
we calculated FIC by applying our definition to the DHS 
data which shows that FIC rates in the current study and 
DHS are within 11 percentage points when our definition 
of FIC is used (online supplemental file 2). Additionally, 
difference in the sampling approaches used in our study 
and DHS, and the resulting differences in the characteris-
tics of the sample could explain some of the difference. A 
comparison of demographic characteristics of our sample 
with that of the DHS sample (in Enugu state) shows that 
mothers in our sample are more educated and more likely 
to be working (online supplemental file 3). It is reason-
able to expect a higher FIC among these mothers.10 34 
Strikingly, children in our sample are of lower birth order 
than in the DHS and disproportionately from rural area. 
It appears that higher vaccination rates among younger 
more educated and working mothers is less than offset 
by lower vaccination rate among children of lower birth 
order and those from rural areas. Finally, a portion of the 
difference could be due to the State Government’s recent 
efforts to boost vaccination coverage in the state since the 
2018 Nigeria DHS.24

Second, further analysis based on rurality of residence 
reveals stark disparity in the FIC rate between urban 
communities and rural communities. Urban communi-
ties had a substantially higher FIC rate (94.5%) than rural 
communities (55.5%). This observation is consistent with 

findings in other subregions in Nigeria,44 45 and Ethi-
opia,46 47 but differs with findings in Bayelsa State, Nigeria 
where immunisation coverage was higher in the rural 
community than in the urban community.48 Our data 
show that almost half of infants in rural communities miss 
out on at least one of the critical life- saving BCG, Pentava-
lent, Polio and Measles vaccines. This finding under-
scores the importance of monitoring data at subdistrict 
levels to identify vaccination gaps and tailor operational 
strategies accordingly.

Third, the low DPT-3 coverage in rural communities 
(63.0%) points to gaps in RI delivery in those communities 
and is consistent with a study conducted in another rural 
community in Enugu.49 Furthermore, the immunisation 
dropout rate in both urban and rural communities is low, 
below the 10% cut- off recommended by WHO.50 The low 
immunisation dropout rate (<10.0%) and the low DPT-1 
coverage in rural communities (78.5%) together suggests 
that access to RI services in these contexts remains a 
problem,50 as a previous study have suggested.49 There 
are many factors responsible for the rural–urban differ-
ences in access. For example, vaccination points are more 
geographically accessible to families in urban communi-
ties than in rural communities,10 51 52 rural communities 
incur higher travel costs to reach vaccination points52 and 
rural communities are less aware of the importance of 
immunisation.10 44

Finally, marital status, MHC utilisation, poor knowl-
edge of RI, poor family income and geographical acces-
sibility were associated with incomplete immunisation 
at the district level. Children of single mothers are less 
likely to be fully immunised compared with married 
mothers. Married mothers are more financially stable and 
most likely to discuss the health needs of their children, 
including immunisation.51 53 Also, stigma, psychological 
trauma and hardship associated with single motherhood 
in these contexts negatively impacts access to health and 
vaccination.51 53 MHC utilisation also significantly predicts 
incomplete immunisation. Mothers who give birth using 
SBA are more likely to have them fully immunised than 
mothers who did not use SBA. Likewise, mothers who 
receive PNC care are more likely to have their children 
fully immunised. This is consistent with several studies in 
other low- income and middle- income countries (LMICs) 
that demonstrate that increased health communications 
on immunisation during MHC utilisation was significantly 
associated with childhood immunisation.51 54 However, 
given that the sequence of MHC utilisation is ANC- 
SBA- PNC, the absence of a significant effect for ANC 
in this study does not imply that adequate ANC atten-
dance is not associated with RI. Instead, our data suggest 
that other factors such as accessibility to health facilities 
could have a stronger association with RI than adequately 
attending ANC.55

Strengths and limitations
Our study extends the body of knowledge on immuni-
sation uptake in rural areas vis-à-vis urban areas at the 

https://dx.doi.org/10.1136/bmjopen-2020-047445
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subnational level, our results can be generalised to similar 
contexts in Nigeria and beyond and provides important 
evidence to policymakers and programme managers for 
improving immunisation coverage. However, our study 
is not without limitations. First, health system factors 
including vaccine availability, healthcare personnel and 
logistics,56 57 which are known to influence uptake of 
immunisation coverage were not adequately explored. 
Also, paternal factors that may influence the comple-
tion of immunisation were not evaluated.51 However, the 
primary goal of this study was not to assess the effect of 
these factors. Second, new vaccines recently introduced 
into the Nigeria RI schedule (specifically, Rotavirus 
vaccine and Pneumococcal conjugate vaccine) were not 
explored.58 59 Third, although maternal recall has been 
shown to be a reliable estimate of maternal recall in 
Senegal, Ethiopia and Tanzania,38–40 there is little evidence 
that it is a reliable coverage measure in Nigeria. A similar 
study in Osun state showed that agreement between the 
mothers’ recall and immunisation card assessment was 
low.33 This (maternal recall) could have also biased our 
estimates. Finally, pockets of hard- to- reach Fulani settle-
ments that have been shown to have poor immunisation 
coverage were not included in our sample.60 Due to the 
deteriorating security situation in the country and the 
absence of security assurances, we could not send data 
collectors to these settlements.

Policy implications
Our study findings have policy implications for vaccina-
tion delivery in LMICs attempting to improve national 
and subnational immunisation coverage. Innovative solu-
tions to improve geographical accessibility are undoubt-
edly needed to achieve IA2030 targets at local levels. Also, 
our study found that mothers who used MHC services 
were significantly more likely to have full immunised 
children suggesting that improving MHC utilisation, 
especially in underserved rural communities, might be 
an effective strategy in achieving the IA2030 national and 
subnational targets.54 However, further studies, prefer-
ably randomised controlled trials, are needed to confirm 
if strategies aimed at improving MHC utilisation actually 
improve immunisation rate. Finally, our study demon-
strates the importance of reporting vaccination coverage 
at the local/district level to draw attention to regional 
inequities at that level and identify regions/districts for 
more targeted interventions.

CONCLUSIONS
The FIC rate in rural communities in Enugu state is below 
the RED target of 80% for all antigens by 2020. About one 
in two children in rural communities in Enugu state is not 
fully immunised. Sociodemographic factors associated 
with full immunisation at the subnational level are single 
motherhood, MHC utilisation, family income, rural resi-
dence and geographical proximity to health facilities.
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