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ABSTRACT

Immunization is a public health intervention to reduce morbidity and mortality among children. However,
vaccination becomes more effective if the child can receive the full course of recommended vaccination doses
according to the schedule. Many children fail to complete the full course of vaccination. To identify the
determinants of immunization defaulters among children aged 12-23 months in Ambo town, Oromia,
Ethiopia. A community-based, unmatched, case—control study was done from October 1 to 25, 2021.
A simple random sampling was used to select 317 (106 cases and 211 controls). Data were collected by
using a pretested and structured questionnaire. Data were coded and entered to Epi-data version 3.1 and then
transported to SPSS version 21.0 for statistical analysis. Descriptive analysis like frequency, mean, and percen-
tage was calculated. Binary and multivariable logistic regression analysis was done. Finally, variables with a p
value < .05 were considered statistically significant. Urban residences (AOR =0.288, 95% Cl, 0.146, 570),
government employee (AOR=0.179, 95% Cl, 0.057, 0.565), number of family members more than four
(AOR = 2.696, 95% Cl, 1.143, 6.358), higher income (AOR = 0.250, 95% Cl, 0.099, 0.628), attending ANC (AOR
=0..237, 95% Cl, 0.107, 0.525), and good awareness (AOR =0.070, 95% Cl, 0.005, 308) were significant
predictors of immunization defaulters. This study has found that urban residences, government employee
by occupation, number of family members more than four, higher monthly income, and attending ANC were
identified as determinants of childhood immunization defaulters. Social Behavior Change intervention pro-
grams should focus on providing health information about the importance of the vaccine and vaccine
schedule. Due attention should be given for rural residents and farmers who had limited access to information
and are more prone to defaulting. Policy-makers should consider those identified factors while designing
intervention programs to enhance vaccination coverage.
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Introduction had been planned to make immunization services available to
10% of the population in 1980 and to increase immunization
access by 10% each year.”

According to the World Health Organization (WHO) 2017
report, 116.2 million infants (85%) received the third doses of
DPT, and worldwide, 123 countries reached the third dose of
diphtheria, pertussis, and tetanus (DPT3) coverage to 90%.
Despite the increasing uptake of new and underused vaccines,
still an estimated 19.9 million children under the age of 1 year
have not received DTP3 vaccine.*® In 2019, coverage with
three doses of pentavalent vaccine and all basic vaccines
among children under 1year of age reached 61% and 44%,
respectively. However, about 19% of children had no vaccina-
tion at all. There is also high vaccination dropout rate, with

Immunization is unquestionably one of the most indispensable
public health interventions to reduce major illnesses that lead
to child mortality and morbidity.' The immunization program
is a global program for the control of vaccine-preventable
diseases (VPDs) among children through high immunization
coverage. VPDs account for 17% of global under-five mortality
each year.>” Vaccination is one method of preventing com-
mon childhood illnesses such as diphtheria, hepatitis B,
measles, mumps, pertussis, pneumonia, polio, rotavirus diar-
rhea, rubella, cervical cancer, and tetanus, which are prevented
through high immunization coverage." The Expanded
Program on Immunization (EPI) was established in 1974

with the goal of providing universal vaccination with necessary
vaccines. Diphtheria, pertussis, tetanus, measles, poliomyelitis,
and tuberculosis were among the six VPDs initially targeted,
and a significant reduction in the burden of preventable child-
hood illnesses and deaths was achieved in its early years.
Ethiopia was the first country to implement EPI in 1980. The
goal of the National Immunization Policy was to reduce child-
hood mortality and morbidity from EPI target diseases by
vaccinating all children under the age of one. The program

a national dropout of 13% from pentavalent 1 to measles, with
high regional variation.” Incomplete immunization, according
to WHO, refers to children who miss scheduled vaccines
owing to health facility issues such as canceled vaccination
schedules or vaccine stock-outs."®

According to EDHS 2019 data on vaccination coverage
among children age 12-23 months who received specific vac-
cines at any time before the survey (according to a vaccination
card or the mother’s recall), only 4 out of 10 children (43%)
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have received all basic vaccinations. Fifty-seven percent of
children living in urban areas have received all basic vaccina-
tions, compared with only 37% of children in rural areas.’
Different studies revealed that educational status, marital sta-
tus, residence, income, family size, place of delivery, and age of
the mother were significantly associated with incomplete
vaccination.'*™"*

According to the Ambo town health office eHMIS report, the
vaccination drop-out rate of Penta, to Pentas in 2018/2019 and
2019/2020 was 13.8% and 12.2%, respectively, which is high
when compared to WHO and national standard (>10%).*> The
reports of the two past years show Ambo town has high vaccina-
tion defaulters when compared to national standards. Therefore,
this study included all town urban and rural kebeles to identify
determinants of immunization defaulters among children aged
12-23 months in Ambo town, Oromia, Ethiopia.

Methods
Study area and period

Ambo town is one of the 19 administrative towns in the
Oromia regional state, located at a distance of 114 km from
Addis Ababa central of Ethiopia on the main road that leads to
Wollega. The town was established in 1889 and covers 8,587
hectares of land. The town and its surroundings have a mean
annual precipitation of 912 mm, and the mean annual tem-
perature of the town is about 17.6°C. The town has three urban
and three rural administrative kebeles. There are two public
hospitals in the town, namely, one general hospital and one
referral hospital, two health centers, three health posts, and six
special clinics; 26 medium-sized and 10 primary private
clinics; nine pharmacies; and 31 drug stores (public and pri-
vate). The town’s health administrative office and public health
centers have 79 health professionals of different professions.

Study design and period

A community-based, unmatched, case-control study was con-
ducted from October 1 to 25, 2021.

Population

Source population
All mothers/caretakers with children aged between 12 and 23
months living in Ambo town.

Study population

The study population for this study was mothers/caretakers
with children aged between 12 and 23 months (as per the
reported dates of birth), within the eligible area of Ambo town.

Inclusion and exclusion criteria

Inclusion criteria. Mothers or caretakers who lived in Ambo
town for at least a year with at least one living child aged
between 12 and 23 months were eligible for the study.

For cases, all mothers/caretakers of children aged 12-23
months who had missed at least one dose of the recommended
by WHO for under-one-year-old children.

For controls, all mothers/caretakers who had children aged
12-23 months received the total recommended by WHO for
under-one-year-old children.

Exclusion criteria. Mothers/caretakers of the children aged
12-23 months who had not begun vaccination at all, were
excluded.

Sample size determination and sampling technique

Sample size determination

To estimate the sample size, 95% confidence level, 80% power,
and 10% of non-response rate assumptions were used. The
ratio of cases to controls (r) was set at 1:2, with an OR of 2.35.
The sample size was determined by using Epi-info version
7.2.2.6. Moreover, to estimate the sample size, all significantly
associated factors in a previous study conducted in North
Gondar, Ethiopia, where the percentage of controls was
49.1% and the percentage of cases was 64.8 (with TT vaccine
received being used as the major variable and odds ratio (OR)
=2.35), were considered.'® Accordingly, the total sample size
using Fleiss w/cc method was 317 (106 cases and 211 controls)
(Table 1).

Sampling procedure

All six kebeles, three urban and three rural, in Ambo town
were included in the study. The baseline survey was con-
ducted one week prior to data collection to identify the list
of children who completed their immunizations according
to the schedule within 12 months (controls) and those who
did not complete their immunizations or defaulted (cases)
by a trained data collector. All eligible cases and controls
were listed with their full addresses from the registration
book of nearby health facility, separately for each selected
kebeles before actual data collection. During the baseline
survey, households that had completed immunization or
defaulted on children between the ages of 12 and 23
months were identified and recorded according to the
definition of cases and controls. The house numbers
given previously by urban health extension professionals
(UHEPs) were registered on the survey checklist. The total
sample size was proportionally allocated to each kebele
based on population size. Using the sampling frame of

Table 1. Variables for sample size determination for determinants of immunization defaulters among children aged 12-23 months in Ambo town, Oromia region,

Ethiopia.
Sample Size for
Main variables % Among controls % Among cases AOR Power Non-response rate Cases Control Total
PNC attend 38% 20.4% 3.05 80% 10% 69 139 208
Counseling on vaccination 38 20.04 717 80% 10% 34 67 101
Fear of vaccine side effects 30.7 63 3.56 80% 10% 57 115 172
TT vaccine received 49.1 64.8 235 80% 10% 106 211 317




cases and controls from the baseline survey, 106 cases and
211 controls were selected by systematic random sampling
technique from cases and controls separately. Households
that had two or more children ages 12-23 months should
have been interviewed for only one child. As part of the
interview, information on the immunization status of eli-
gible children was obtained from the caregivers and sub-
sequently verified from childhood immunization cards
maintained by the parents/guardians. The child’s vaccina-
tion card and the mother’s oral response were used to
verify the vaccination status of the child.

Study variables

Dependent variables
Childhood immunization defaulters.

Independent variables

Socio-demographic characteristics. Residence, sex of the
child, age of mother/caretaker, age of the child, religion, mar-
ital status, education, occupation, birth order, birth interval,
family income, and family size.

Health-service-related characteristics. Estimate time to reach
health institution, antenatal care visit, postnatal care, receive
TT vaccination, and place of child delivery.

Mothers/caretakers knowledge and attitude. Age when the
child starts immunizations, age at which a child should complete
immunizations, a growing child does not require immunization,
immunizations provide lifelong protection, immunizations are
harmful for your child, immunization prevents life-threatening
diseases, and multiple immunizations on the same visit are
unsafe.

Operational and term definition

Fully vaccinated/complete immunization

A child between the ages of 12 and 23 months who received
one dose of BCG, at least three doses of pentavalent, three
doses of OPV/IPV, two doses of rotavirus vaccine, and one
dose of measles vaccine by card, as well as a mother history,
before reaching one year of age.

Incomplete immunized/defaulters

A child who missed at least one dose among the recommended
vaccines (a dose of BCG, three doses of pentavalent, polio, and
PCV, two doses of rotavirus vaccine, and a dose of measles
vaccine) before reaching one year of age.

Primary caretaker

Mother or caregiver who was directly involved in vaccinating
the child in the previous two years of life and who was in
charge of childbirth in the previous two years of life.

Non-vaccinated
A child 12-23 years old who had not received any vaccines
before the age of one year.
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Data collection tool and techniques

Data collection tool

A structured questionnaire was used to collect data, which was
adapted from past research.'®'”> A questionnaire developed in
English and translated into the local language of the region was
used to gather data (Afan Oromo) and then re-translated into
English by language experts (experienced high school language
teachers) and researchers to ensure coherence with the original
version.

Data collection technique

The data collectors had to wait until the mother or caretaker
had finished their duties and given permission to proceed with
the questionnaire, respecting their privacy. Six data collectors
who have completed grade 12 and are fluent in the Afan
Oromo language and three health professional supervisors
who hold BSc degrees in nursing were recruited to collect
data using a questionnaire based on face-to-face interviews
and child immunization card reviews. They received appro-
priate COVID-19 transmission prevention measures such as
hand sanitizer, mask use, and physical distance. After that, data
were collected by trained data collectors using a structured
Afan Oromo version of the questionnaire.

Data quality control and management

Training was given for both data collectors and supervisors for
one day. The questionnaires were pretested on 5% (for both
case and control) of data collectors in a similar population
(among mothers and caregivers) in Toke Kutaye, Guder town,
which is located 12 km away from the study area, after which
necessary modifications were made. Data were checked for
consistency, completeness, editing, and suspicious irregulari-
ties throughout the data collection and analysis using
a standardized tool.

Data processing and analysis

Data were first checked manually for completeness, then
coded and entered into Epi data version 3.1 and exported
to SPSS version 21 for further analysis. Descriptive analysis
was performed to calculate mean, frequencies, and percen-
tages. Variance inflation factor (VIF) was used to assess
multicollinearity between the independent variables. Each
candidate independent variable with a value of VIF <5 indi-
cates the assumption of no multicollinearity between the
independent variables. Bivariable logistic regression analysis
was conducted to see the association of each independent
variable with the outcome variable. Variables with p-values
<.25 were candidate variables for the multivariable logistic
regression model to reduce the effects of confounders and to
identify the independent effects of each variable on the out-
come variable. Hosmer and Lemeshow goodness-of-fit
model was used to check model fitness, and the result
indicated a good fit. Adjusted odd ratio with 95% confidence
interval and p-value <.05 were reported to declare significant
determinants for immunization defaulters. Finally, the result
was presented with texts and tables.
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Results
Socio-demographic characteristics of participants

Of the total 317 children, 316 children (106 cases and 210
controls) were included in the study, with a response rate of
99.68%. Most caretakers, 89 (84%) for cases and 194 (92.4%)
for controls, were mothers. Additionally, 75 (70.79%) of case
and 184 (87.7%) of controls had their child’s vaccination cards
as evidence of immunization status (Table 2).

Health care service-related characteristics of mothers/
caretakers of cases and controls

The utilization of antenatal care by mothers showed that 21
(20.0%) of caretakers of cases and 17 (8%) of caretakers of
controls did not attend antenatal care service before delivery.
Additionally, 33 (31.13%) of caretakers of cases and 53
(25.24%) of caretakers of controls did not attend postnatal
care service after delivery. Place of child delivery indicated
that 15 (14.2%) of mothers of cases and 21 (10%) of mothers
of controls delivered their child at home (Table 2).

Awareness of mothers/caretakers on determinants of
immunization defaulters

Regarding the awareness of mothers/caretakers on the age at
which the child begins immunization, only 29 (14.06%) cases
and 64 (30.48%) controls stated “just after birth,” while 65
(61.32%) cases and 141 (67.14%) controls mentioned “after
six weeks”, and 9 (8.49%) cases and 6 (2.86%) controls men-
tioned that they do not know the age at which the child should
begin immunization. Perception about immunizations provide
lifelong protection and multiple immunizations on the same
visit are unsafe was almost similar between cases and controls
(Table 2).

Determinants of immunization defaulters

First, a bivariable analysis was conducted to screen the possible
determinants of childhood immunization defaulters, and vari-
ables with p-values < .25 were included in the multivariable
model. Accordingly, residence, child caretaker, educational
status, occupation, marital status, number of family members
in the households, average monthly income, ANC, received TT
during pregnancy, place of delivery, knowing at what age at the
child should complete immunization were candidate variables
for multiple logistic regression analysis. Thus, multiple logistic
regressions were conducted in order to identify determinants
of immunization defaulters. After adjustments for possible
effects of confounding variables, six variables were identified
to be the determinants of immunization defaulters. Finally,
multiple logistic regression analysis revealed that rural resi-
dence, occupation as a farmer, household family size greater
than four members, lower average monthly income, not
attending ANC, not receiving TT during pregnancy, and lack
of understanding about when the child’s immunizations
should be completed were significantly and independently
associated with incomplete vaccination.

Children whose mothers/caretakers live in urban areas were
82% (AOR =0.179, 95% CI: 0.057, 0.565) less likely to default
from childhood immunization than children whose mothers/
caretakers live in rural areas. In addition, mothers/caretakers
who had more than four family members in their households
were 2.7 times (AOR =2.696, 95% CI: 1.143,6.358) more likely
to default on their childhood immunization than those who
had fewer than three family members in their household.

Mothers/caretakers who are government employee were
73% less likely to have their child default from completing
immunization (AOR =0.288, 95% CI: 0.146, 0.570) compared
to mothers residing in urban areas, and mothers who had an
average monthly income greater than 3000 were 66% less likely
to have their child default from completion of vaccination
(AOR =0.345, 95% CI: 0.147, 0.812). Mothers who had an
average monthly income of 1000-2000ETB were 68% less
likely to have their child default from completion of vaccina-
tion (AOR =0.223, 95% CI: 0.086, 0.576), and mothers who
had an average monthly income 2000-3000ETB were 75% less
likely to have their child default from completion of immuni-
zation (AOR=0.250, 95% CI: 0.099, 0.628) compared to
mothers having an average monthly income less than
1000ETB (Table 2).

Discussion

This study aimed to assess the determinants of immunization
defaulters in order to contribute to tackling the burden of
incomplete childhood immunization and its consequences.
Thus, this study revealed that rural residences, government
employee, family members greater than four, income greater
than 3000ETB, attending ANC follow-up during pregnancy,
and poor awareness about the age a child should complete
immunization were determinant factors for immunization
defaulters.

This study shows that rural dwellers default to more com-
prehensive immunizations for their children according to the
schedule than urban dwellers. When compared to urban child,
the child of a mother who lives in an urban area was 82% less
likely to default from childhood immunization than children
whose mothers/caretakers live in rural areas. This finding is
consistent with the studies conducted in Bangladesh, and Shoa
Robit town, Amahra Region in Ethiopia.'>'® This might be
due to urban resident mothers who might have better informa-
tion and recognize the importance of immunization to com-
plete their children’s immunizations. The other possible
justification might be, urban residents may also be exposed
to different medias and might have better awareness, attitude
and practice toward childhood immunization services. This
implies that there is a need for behavior change public health
intervention programs, particularly targeting mothers with
under-five children in rural areas.

This study also showed that having antenatal care service
during pregnancy is one of the variables significantly asso-
ciated with defaulters in the immunization status of the child
according to the schedule. Children whose mothers/caretakers
had ANC follow-up during their pregnancy were 76% less
likely to default on childhood immunizations than children
whose mothers/caretakers had no ANC follow-up during their
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pregnancy. This result is consistent with studies conducted in
Assosa town, Ethiopia, and Shewa Robit, Ethiopia.'>'? This
can be due to mothers who had visits to antenatal care services
having a chance to communicate with health workers to hear
about the benefits of vaccination for their children better than
mothers who did not follow such health care services. The
ANC visit may help as a bridge to enhance continuum of
care and get counseling services about routine childhood
immunization. This recommends that there should be
a public health initiative to enhance ANC contact among
pregnant women to enhance their intention and practice to
vaccinate their children.

Family size was significantly associated with immunization
defaulters. Those having family sizes greater than four were
more likely to be defaulters compared to those with less than
three family members in their households. This result is con-
sistent with a study conducted in Australia."” This might be
due to mothers having a large family size, which might affect
the mothers’ ability to care for younger children, or the mother
might not have enough time to travel for immunization due to
parent workload in larger families, or that vaccination time-
liness reduces for high birth-order children. The other reason
might be due to the mothers past experience, that is if the
mother faced any maltreatment or negative experience while
vaccinating her other older children, then she might refuse to
go to vaccinate the current child. Interventions should give
more emphasis on mothers with a higher number of children.

The average monthly income of a household is another
determinant that has an association with the completion of
vaccination. According to this study, primary caretakers/
mothers who had an average monthly income of greater than
3000 ETB were less likely to default on childhood immuniza-
tion than children whose mothers/caretakers had an average
monthly income of less than 1000 ETB, an average monthly
income of between 1000 and 2000 ETB and an average
monthly income of between 2000 and 3000 ETB. This finding
is consistent with the study conducted in Gindhir District,
Southeastern Ethiopia.'’ Children in the richest wealth quin-
tile were more likely to be fully vaccinated when compared to
children in the poorest quintile. This could also be due to
mothers of children with a stated average monthly income
being able to afford hidden or indirect costs during vaccination
service uptake, such as transportation. This may also be attrib-
uted to the issue of prioritizing health in the richest mothers, i.
e the mothers from the richest families may prioritize their
children’s health more than those from the poorest families,
who might give more emphasis on their daily livelihood and
work.

The occupational status of mothers or caregivers is another
variable that has an association with the determinant of immu-
nization defaulter. Mothers or immediate caretakers whose
occupations of government employee were less likely to default
from childhood immunization than children whose mothers/
caretakers were farmers. This finding is consistent with the
study conducted in Ghana.”® In contrast, a study done in
Yirgalem town, Ethiopia, found that occupation was not sta-
tistically associated with full immunization status.”’ The pos-
sible justification might be that mothers who are government
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employee might get different health information related with
immunization and would have better awareness, attitude and
practice as compared to farmer caregivers.

Mothers/caretakers who had a lack of understanding about
when the child’s immunizations should be completed were
more likely to default on their childhood immunizations
than mothers who had awareness of when their child should
finish immunization. This finding is consistent with the study
conducted in Woldia Town, Northeast Ethiopia and Yirga
Cheffe district South Ethiopia.'>*' This might be due to poor
immunization counseling at facility and inadequate advice
regarding the next appointments, which have been found to
contribute to the problem of incomplete vaccination because
only three health institutions give immunization services in the
study areas.

Strength and limitation of the study

This study used immunization card and EPI records to mini-
mize recall bias and misclassification of age and immunization
status of the child. However, some of the children had no
vaccination cards. This leads to lack of objective information
about the vaccination status of the child and dependence on
the the mother’s verbal responses that might be liable to recall
bias and misclassification of cases and controls. The study was
not supported by a qualitative study to explore the reasons of
mothers’ or caregivers’ default to complete immunization of
children. Data related with continuum of maternal care such as
antenatal, and postnatal care number of visits for index preg-
nancy were collected by self-report which might be prone to
recall and socially desirable bias.

Conclusions

In conclusion, this study has found that urban residences,
government employee by occupation, family numbers
greater than four and above, higher monthly income,
attending ANC, and knowing the age at which the child
should complete immunization were identified as determi-
nants of childhood immunization defaulters. It is better to
work to raise the awareness of mothers by provision of
health education to increase the utilization of ANC visits
and when to complete child immunizations, which in turn
leads to vaccinating their children. Social Behavior Change
(SBC) intervention programs should focus on providing
health information about the importance of the vaccine,
and vaccine schedule. Due attention should be given for
rural residents and farmers who had limited access to
information and are more prone to defaulting. Program
designers, health managers and policy-makers should con-
sider those identified factors while they are designing inter-
vention programs to enhance immunization coverage.
Tailored or targeted intervention should be designed
based on identified factors and for specific segments of
the population. Moreover, further qualitative research is
needed to identify other important contextual factors
which contributed to defaulting.
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Abbreviations and acronyms

ANC: Antenatal care; AOR: Adjusted Odds Ratio; BCG: Bacillus
Calmette Guerin; CHI: Childhood Immunization; COR: Crude Odds
Ratio; DHS: Demographic Health Survey; DOR: Dropout Rate; DPT:
Diphtheria, pertussis, tetanus; EDHS: Ethiopian Demographic Health
Survey; eHMIS: electronic Health Management Information System;
EPI: Expanded Program on Immunization; ETB: Ethiopian birr;
HEWSs: Health extinction workers; HPV: Human papilloma virus;
HSTP: Health Sector Transformation Plan; MCH: Maternal and
Child Health; MCV: Measles Vaccine; OPV: Oral Polio Vaccine;
PCV: Protein conjugated polysaccharide vaccine; PNC: Postnatal
Care; SBA: skill birth attendant; SPSS: Statistical Package for Social
Science software; TTBA: traditional birth attendant; TT: Tetanus
toxide; UHEPs: Urban Health Extension professionals; VPD: Vaccine-
Preventable Disease; WHO: World Health Organization.
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