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Background: Incomplete vaccination can put children at greater risk of acquiring vaccine-
preventable diseases. In Ethiopia, vaccination coverage against vaccine-preventable diseases
is still a significant and persistent public health challenge. Thus, the aim of this study was to
identify the determinants of incomplete childhood vaccination among children aged 12-23
months in Gindhir District, Southeast Ethiopia.

Methods: A community-based unmatched case—control design was employed among chil-
dren aged 12-23 months from 1 to 28 February 2020. A total of 254 cases and 508 controls
were included using the stratified random sampling technique. Cases included children aged
12-23 months who missed at least one dose of the routine vaccination, and controls were the
children with complete vaccination with all required doses. Binary logistic regression
analyses were used to identify the independent factors for children’s incomplete vaccination
status.

Results: Of all assessed determinants, maternal knowledge about vaccination (AOR=0.50,
95% CI: 0.31, 0.80), educational status (AOR=2.61, 95% CI: 1.19, 5.67), average monthly
income (AOR=0.33, 95% CI: 0.15, 0.77), model family (AOR = 2.50, 95% CI: 1.51, 4.14),
taking TT vaccine (AOR= 0.45 95% CI: 0.29, 0.78), number of under five children (AOR=
4.90 95% CI: 1.72, 13.93) and birth order (AOR= 6.33, 95% CI: 1.89, 14.87) were found to
have statistically significant association with childhood incomplete vaccination.
Conclusion: In this study, the mother’s education, model family, birth order, average
monthly income, and knowledge were some of the independent determinants of incomplete
childhood vaccination. Improving maternal knowledge, income, and educational status
should be the expectable measure to reduce incomplete vaccination.
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Introduction
Vaccinations have brought comprehensive health to many children globally and
have been concrete in protecting children against vaccine-preventable diseases
(VPDs) in low-and middle-income countries (LMICs).'> However, vaccination
coverage is still a major public health challenge in many third world countries,
particularly in resource-limited areas.®™®

Globally, about 22.6 million children under the age of one year were partially
protected. Vaccination prevents the children from an estimated 2 to 3 million deaths
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every year by VPDs such as Diphtheria, Pertussis, Tetanus,
and Measles.” Nearly 107 million infants received the first
dose of the DTP vaccine; however, around 22.4 million failed
to receive three doses, leaving many children susceptible to
VPDs worldwide.'”!" Globally, every eight out of ten chil-
dren received the first dose of Polio vaccine, but only about
four in ten received the third dose.'” The evidence from the
Ethiopian Demographic Health Survey report 2016 indicated
that about 39% of children aged 12 to 23 months received all
basic vaccinations while 22% of children have not received.'

According to World Health Organization (WHO),
incomplete vaccination refers to children who miss sched-
uled vaccinations for any reason due to health facility
problems such as canceled vaccination schedules or vac-
cine stock-outs.'* The decision not to fully vaccinate
a child is a decision to put the child at the risk of con-
tracting a vaccine-preventable disease.'>'® In Ethiopia, the
proportion of full vaccination coverage ranged from 36.6%
in the remote region (Somali) to 100% in the central
region (Addis Ababa).'” Given this range of coverage,
only 18.6% of children, received the vaccinations on sche-
dule and with the appropriate interval between doses.'”
The Immunization program’s ultimate aim is to reduce the
incidence of VPDs by achieving high levels of coverage
with potent vaccines administered at the appropriate ages
and with the right intervals between multiple doses of

vaccines. 82!

Previous studies conducted in Ethiopia identified sev-
eral factors related to incomplete childhood vaccination,
such as the mother’s age, parent’s educational status,
knowledge about vaccination, postnatal care utilization,
mother’s occupation, monthly income, and distance to
health institutions.”* ¢ According to the Gindhir district’s
health office and zonal health department data, the dis-
trict’s vaccination coverage in 2018 and 2019 was 78%
and 82%, respectively. These vaccine coverage statistics
put the district at high risk of outbreaks due to VPDs such
as Measles (unpublished data; Gindhir District health
office, Bale zone health department: health information
management system annual report of childhood vaccina-
tion coverage, June 30, 2018 and 2019). Additionally,
there is no current evidence regarding incomplete child-
hood vaccination determinants in southeast parts of
Ethiopia. Therefore, this study was aimed to identify the
determinants of incomplete childhood vaccination among
children aged 12-23 months in Gindhir District, Southeast
Ethiopia.

Materials and Methods
Study Setting and Design

A community-based unmatched case—control study design
was employed with case to control the ratio of 1:2 in
Gindhir District from 1-28 February 2020. Gindhir
District is one of the Districts found in the Bale Zone
composed of 5 urban and 32 rural kebeles. The total
population in this District was 164,703, with 26,896
under-five children. According to the Gindhir District
health office estimate, the number of children aged
12-23 months was 12,294 in 2019/20. The District has
one general hospital, eight (8) health centers, and 32 health
posts regarding health facilities’ coverage.

Source and Study Population

The source and study population were all children between
the ages of 12-23 months with their primary caretakers
who had taken at least one dose of the routine vaccination
program and residing in randomly selected kebeles (sub-
district) of the District. Cases were children 12-23 months
who had missed at least one dose of the routine vaccina-
tion. Controls were children between the ages of 12-23
months who had completed the entire routine vaccination.

Sample Size and Sampling Procedure
The sample size was calculated using EPI INFO software
version 7 for unmatched case—control study design. We
considered maternal education as a significant determinant
of incomplete childhood vaccination from previous stu-
dies, and we compared to get a large sample size.”**’ By
assuming a 10% non-response rate and applying 95%
significance level with power at 80, a total of 254
(29.7%) from cases and 508 (40.7%) among controls
(1:2 ratio for the case: control), were obtained with
a final sample size 762 (254 cases and 508 controls).
Initially, the kebeles in the District were stratified into
urban and rural. Ten rural and three urban kebeles were
selected randomly by lottery method from each stratum. All
eligible cases and controls in selected kebeles were listed
from the EPI registration books. Before actual data collec-
tion, a house-to-house survey of target children was done in
each of the selected kebeles. During these visits, cases and
controls were identified through interviews of mothers/pri-
mary caretakers and reviewing the vaccination card. After
the survey, a sampling frame was prepared for each kebeles.
For every case, controls were selected by a simple random
sampling technique (lottery method) after proportionally
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allocating the number of children aged from 12 to 23 months
to the number of children in each kebele.

Data Collection Tool, Techniques, and Quality
Assurance

The data collection tool was adapted from previous
studies®®

local language “Afan Oromo,” and then translated back into

and was prepared in English, translated into the

English to ensure consistency. A pre-tested and structured
data collection tool was used. Data were collected through
face-to-face interviews of mothers/caretakers and by review-
ing vaccination cards. Two supervisors and ten data collec-
tors were recruited, and training was given on the data
collection tool. Piloting the questionnaire was done before
actual data collection to identify any potential problems and
check the clarity by ensuring the tool accurately addressed
the research questions. Piloting was done among 38 respon-
dents, 5% of the total sample size in three kebeles which were
not included in the study.

Operational Definitions

Case or Partially Vaccinated

A child aged from 12 to 23 months old who missed at least
one dose of the recommended routine vaccination consist
of BCQG, three doses of pentavalent, three doses of PCV,
two doses of Rota vaccine, polio (three doses) and measles
vaccines by the age of 12 months.*

Control or Fully Vaccinated

A child aged between 12 and 23 months old who received
all recommended routine vaccination consist of BCG,
three doses of pentavalent, three doses of PCV, two
doses of Rota vaccine, polio (three doses), and measles
vaccines by the age of 12 months.*’

Primary Caretaker

Mother or caretaker looking after the childbirth in the past
two years of life and who was directly involved in vacci-
nating the child.

Knowledge on Vaccination

The knowledge questions were focused on vaccination and
composed of eleven items. A score of 1 was given if the
primary caretakers responded to the particular items cor-
rectly and O for incorrect. The sum of each item calculated
and the mean value (7.34) was used as a cut-off point to
categorize knowledge into two groups (> mean value-
good knowledge and < Mean value- poor knowledge).*

Data Processing and Analysis

The collected data were checked manually for completeness,
then coded and entered in Epi data version 3.1 and later
exported to STATA Version 14. Descriptive statistics was
done to present the data with the different variables by tables
and graphs. The binary logistic regression model was used to
identify the determinant variables. To control potential con-
founders, independent variables having P-value < 0.2 in the
bi-variable model were considered for multivariable logistic
regression, and multicollinearity of independent variables
was checked using variance inflation factor (VIF). Besides,
model fitness was checked by Hosmer and Lemeshow good-
ness of test. Statistical significance of the determinants with
incomplete childhood vaccination in the final model declared
using 95% confidence interval (CI) and p-value < 0.05.

Results

Socio-Demographic Characteristics

A total of 254 cases and 508 controls were included in the
study, with a response rate of 100%. Around 679 (89.1%)
of primary caretakers were reported to have vaccination
cards, and 83 (10.9%) of them did not have vaccination
cards. The majority of the children who participated in the
study were from rural, 594 (78%) and 438 (57.5%) of the
total children were males. Concerning the occupation of
caretakers/mothers, about 35.2% cases and 64.8% of con-
trol caretakers were homemakers, respectively. About
33.7% of primary caretakers of cases and 66.3% of pri-
mary caretakers/mothers of controls were attended high
school education (grade 9 to 12), respectively (Table 1).

Reasons to Incomplete Childhood
Vaccination and Types of Vaccines
Defaulted

The main reasons for incomplete childhood vaccination
mentioned by primary caretakers/mothers of children were
vaccine stock-out (11.2%), and vaccine vial is not open for
one or two children (7.3%). Measles (16.1%) and Penta 2
(7.7%) were the most defaulted vaccines observed from
selected children’s vaccination cards (Figures 1 and 2).

Determinants of Incomplete Vaccination

Children born from mothers who had good knowledge of
vaccination services were 50% times less likely to have incom-
plete vaccination than children whose mothers had poor
knowledge (AOR=0.50, 95% CI: 0.30, 0.81). The children
with primary caretakers who had no formal education were
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Table | Socio-Demographic Characteristics of Primary Caretakers/Mothers and Children Aged from |2 to 23 Months in Gindhir

District, Southeast Ethiopia (n=762)

Variables Frequency
Controls (n=508) Cases (n=254)
N (%) N (%)

Place of residence

Urban 112(66.7) 56(33.3)

Rural 396(66.7) 198(33.3)
Sex of the child

Male 294(67.1) 144(32.9)

Female 214(66.0) 110(34.0)
Age of the child

12—15 months 163(69.1) 73(30.9)

16—19 months 198(65.6) 104(34.4)

20-23 months 147(65.6) 77(34.4)
Age of primary caretakers/mothers

< 24 years 16(64) 9(36)

25-32 years 287(66.6) 144(33.4)

3340 years 205(66.99) 101(33.01)
Number of under-five children

One 122(66.3) 62(33.7)

Two 268(67.8) 127(32.2)

Three and above 118(64.5) 65(35.5)
Birth order of selected child

Ist order 129(62.6) 77(37.4)

2nd and above order 379(68.2) 177(31.8)
Primary caretakers

Mother 491(66.7) 245(33.3)

Father 14(63.6) 8(36.4)

Others 3(75.0) 1(25.0)
Educational status of the mother

llliterate 54(61.4) 34(38.6)

Read and write 70(64.2) 39(35.8)

Grade 1-8 91(70.5) 38(29.5)

Grade 9-12 177(66.3) 90(33.7)

college and above 116(68.6) 53(31.4)
Educational status of the father

llliterate 62(63.3) 36(36.7)

Read and write 58(70.7) 24(29.3)

Grade 1-8 75(63.0) 44(37.0)

Grade 9-12 171(70.4) 72(29.6)

College and above 136(63.6) 78(36.4)
Occupation of primary caretakers

Housewife 142(64.8) 77(35.2)

Farmer 126(67.7) 60(32.3)

Government Employee 120(67.8) 57(32.2)

Merchant 120(66.7) 60(33.3)

(Continued)
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Table | (Continued).

Variables

Frequency

N (%)

Controls (n=508)

Cases (n=254)

Monthly income of primary caretakers
< 1000 Ethiopian Birr(ETB)
1001-2000 ETB
2001-3000 ETB
> 3001 ETB

N (%)
90(65.7) 47(343)
270(68.0) 127(32.0)
108(63.9) 61(36.1)
40(67.8) 19(32.2)

2.6 times more likely to default vaccination than those who
attend college and above (AOR=2.61, 95% CI: 1.19, 5.67).
The odds of having incomplete childhood vaccination was
55% less likely among children of primary caretakers who
had been vaccinated in 3rd to 5th doses of TT vaccine
(AOR= 0.45, 95% CI: 0.29, 0.78). Similarly, the odds of
having incomplete childhood vaccination was 2.50 times
higher among mothers who not graduated as a model family
(AOR =2.50,95% CI: 1.51, 4.14). The children on the second
and above birth order were nearly six (6) times more likely to
incomplete vaccination than those who were first birth order
(AOR = 6.34, 95% CI: 1.89, 14.87). The odds of having
incomplete vaccination among children of primary caretakers
who had three and above under-five children were nearly five
(5) times higher than their counterparts (AOR= 4.90, 95% CI:

100

1.72, 13.93). The primary caretakers/mothers who had an
average monthly income of above 3000 ETB (AOR = 0.33,
95% CI: 0.15, 0.77) were 67% less likely to default vaccination
(Tables 2 and 3).

Discussion

Vaccination is one of the best influential and cost-effective
health interventions to prevent vaccine-preventable diseases.
It prevents devastating illness and disability and saves millions
of lives every year. However, vaccination becomes more effec-
tive if the child can receive the full doses of vaccination.*®*>” In
this study, about one-third of children aged 12-23 months had
not completed the recommended doses of vaccination. This
finding was also consistent with the various studies from

Indian states, which showed that 30% of the slum children
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Figure | Shows the reasons for childhood incomplete vaccination mentioned by primary caretakers of children aged 12-23 months in Gindhir District, Southeast Ethiopia,

2020.
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Figure 2 Shows types of vaccines defaulted by children aged 12-23 months in Gindhir District, Southeast Ethiopia, 2020.

have incomplete vaccination.**** Moreover, this finding is
lower than the study finding in Sinana District, Ethiopia*
and higher than the study conducted in Nepal (26%).*' This
discrepancy might be due to different population characteris-
tics and the duration of the study.

In this study, the most defaulted types of vaccines were
measles and pentavalent vaccines, respectively. This result was
consistent with other studies conducted in the urban slums of
Lucknow district, Delhi in India** and Nairobi, Kenya.*® This
might be due to similar characteristics of the study population
regarding defaulted vaccines. The major reasons mentioned in
this study by primary caretakers/mothers of children were for-
gotten vaccination schedule, vaccine stoke out, fear of side effect,
vaccine vials not open for one or two children. Of these reasons,
vaccines stoke out and forgetting vaccination schedule were
dominant reasons selected by primary caretakers/mothers. For
this finding, there is no consistent and contradictory finding in
Ethiopia and other countries. This might be due to different items
used to assess reasons for incomplete childhood vaccination. The
determinants of incomplete childhood vaccination identified in
this study were 1) primary caretakers/mothers who vaccinated
TT vaccine during their last pregnancy, 2) primary caretaker/
mother graduated as model family, 3) knowledge of primary
caretakers/mothers on vaccination, 4) birth order, 5) the number
of under-five children, 6) average monthly income and 7) educa-
tional status of primary caretakers/mothers. The children bormn
from mothers who had good knowledge of vaccination service
and its importance were 50% less likely to have incomplete
vaccination status when compared to primary caretakers of chil-
dren who had poor knowledge. This study finding was compar-
able with the previous studies done in Ethiopia®® and Kenya**

respectively. It is well recognized that the educational status of
mothers plays an important role in health services utilization.
Educational status may be a factor, which may have a positive
influence on accepting the full vaccination of children.**** In this
study, primary caretakers/mothers’ educational status is the deter-
minant of incomplete childhood vaccination. The children of
primary caretakers/mothers who had no formal education were
almost 2.6 times more likely to default vaccination than those
who had a college education and above. This might be because
educated mothers could have better knowledge and decision-
making skills on different child health service issues, including
the importance of vaccination of children compared to mothers
who had no formal education. This finding is comparable with
the study finding in Kenya and Bangladesh.***> The odds of
having incomplete vaccination status among children of primary
caretakers/mothers who vaccinated 3rd to 5th doses of TT vac-
cine were 55% less likely, and those who are not graduated as
a model family were 2.5 times higher. This might be due to the
mothers who take three to five doses of TT vaccine more aware
of the importance of vaccination due to more health facility visits
or healthcare provider contact. Similarly, the mothers who are not
graduated as a model family might have no awareness of vacci-
nation and related services delivered by health extension workers
at the kebele (the lowest administrative) level. The children who
had second birth order were nearly six (6) times more likely to
default vaccination than first birth order and above birth order.
This study finding was in line with the previous study conducted
in Ethiopia.** The primary caretakers/mothers who had average
monthly income above 3000 ETB were 67% less likely to default
vaccination. This finding is consistent with the study done in

different parts of Ethiopia*®*” and Nouna district, Burkina Faso.
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Table 2 Bi-Variable Logistic Regression Analysis of Factors Associated with Incomplete Vaccination Among Children Aged 12-23
Months in Gindhir District, Southeast Ethiopia 2020 (n =762)

Variables Cases (n=254) Controls (n=508) COR 95% CI P-value
n(%) n(%)
Number of under-five children
One 62(33.7) 122(66.3) |
Two 127(32.2) 268(67.8) 4.15(1.43, 9.69)* 0.001
Three and above 65(35.5) 118(64.5) 5.4(1.55, 13.87)* 0.001
Birth order of selected child
I'st order 77(37.4) 129(62.6) |
2nd order and above 379(68.2) 177(31.8) 3.0(1.76, 5.14)* < 0.001

Monthly income of primary caretakers

< 1000 Ethiopian Birr(ETB) 47(34.3) 90(65.7) |

1001-2000 ETB 127(32.0) 270(68.0) 0.75(0.38, 1.50) 0.421
2001-3000 ETB 61(36.1) 108(63.9) 0.29(0.14, 0.62)* 0.001
> 3001 ETB 19(32.2) 40(67.8) 0.24(0.09, 0.63)* 0.004

Educational status of the mother

llliterate 33(40.2) 49(59.8) 3.97(1.64, 9.59)* 0.002
Read and write 36(35.3) 66(64.7) 0.79(0.35, 1.76) 0.532
Grade 1-8 36(29) 88(71) 1.05(0.49, 2.23) 0.324
Grade 9-12 99(33.8) 174(66.2) 1.34(0.71, 2.53) 0.624
college and above 51(30.9) 114(69.1) |

Educational status of the father

Illiterate 36(36.7) 62(63.3) 2.13(0.93, 4.92) 0.075
Read and write 24(29.3) 58(70.7) 2.45(1.15, 4.64)* 0.035
Grade 1-8 44(37.0) 75(63.0) 1.06(0.50, 2.23) 0.232
Grade 9-12 72(29.6) 171(70.4) 0.90(0.48, 1.66) 0431
College and above 78(36.4) 136(63.6) [

Graduated as a model family
Yes 122(29.8) 287(70.2) |
No 132(37.4) 221(62.6) 2.34(1.46, 3.77)* < 0.001

Number of TT vaccine doses

Ist and 2nd doses 113(37.3) 190(62.7) [

3rd to 5th doses 114(30.3) 262(69.7) 0.49(0.28, 0.79)* 0.005
ANC service

Yes 236(33) 479(67) [

No 9(42.9) 12(58.1) 1.97(0.72, 5.41) 0.123
Birthplace of selected child

Home 48(37.5) 79(62.2) [

Health center 151(33.4) 301(66.6) 0.96(0.50, 1.84) 0.364

Hospital 46(29.3) 111(70.7) 0.22(0.27, 1.03) 0.059
Knowledge of primary caretakers/
mothers

Poor 150(35. 0) 279(65.0) |

Good 104(31.2) 229(68.8) 0.50(0.32, 0.85)* 0.004

Note: *(p < 0.05, Crude Odds ratio).
Abbreviations: ETB, Ethiopian Birr; ANC, antenatal care; TT, tetanus toxoid.

Risk Management and Healthcare Policy 2021:14 heep: 1675

Dove:


http://www.dovepress.com
http://www.dovepress.com

Zenbaba et al

Dove

Table 3 Multivariable Logistic Regression Analysis of Factors Associated with Incomplete Vaccination Among Children Aged 12-23

Months in Gindhir District, Southeast Ethiopia 2020 (n =762)

Variables Cases (n=254) Controls (n=508) AOR 95% CI P-value
n(%) n(%)
Number of under-five children
One 62(33.7) 122(66.3) | |
Two 127(32.2) 268(67.8) | 4.31(1.77, 10.52)** 0.001
Three and above 65(35.5) 118(64.5) | 4.90(1.72, 13.93)** 0.003
Birth order of selected child
Ist order 77(37.4) 129(62.6) | |
2nd order and above 379(68.2) 177(31.8) | 6.34(1.89, 14.87)** 0.001
Monthly income of primary caretakers
< 1000 Ethiopian Birr(ETB) 47(34.3) 90(65.7) | |
10012000 ETB 127(32.0) 270(68.0) | 0.70(0.34, 1.44) 0.331
2001-3000 ETB 61(36.1) 108(63.9) | 0.34(0.11, 1.001) 0.05
= 3001 ETB 19(32.2) 40(67.8) | 0.33(0.15, 0.77)** 0.01
Educational status of the mother
llliterate 33(40.2) 49(59.8) | 2.61(1.43, 5.57)* 0.04
Read and write 36(35.3) 66(64.7) | 0.79(0.35, 1.76) 0.984
Grade 1-8 36(29) 88(71) | 1.05(0.49, 2.23) 0.523
Grade 9-12 99(33.8) 174(66.2) | 1.34(0.71, 2.53) 0.231
College and above 51(30.9) 114(69.1) | 1
Graduated as a model family
Yes 122(29.8) 287(70.2) | |
No 132(37.4) 221(62.6) | 2.54(1.51, 4.14)** 0.001
Number of TT vaccine doses
Ist and 2nd doses 113(37.3) 190(62.7) | |
3rd to 5th doses 114(30.3) 262(69.7) | 0.45(0.28, 0.78)** 0.003
Knowledge of primary caretakers/mothers
Poor 150(35. 0) 279(65.0) | |
Good 104(31.2) 229(68.8) | 0.50(0.31, 0.80)** 0.007

Notes: *Indicates the statistically significant association between dependant and independent variables in bivariable logistic regression analysis (p<0.05), even though we
consider the independent variable with p<0.2 as a candidate for multivariable binary logistic regression. ** (p<0.05, Adjusted OR), |- reference category.

This might be due to the mothers of children who had stated
average monthly income have the opportunity of affording hid-
den or indirect costs during vaccination service uptake like

transportation.

Limitation of the Study

The study had several limitations that include cultural; the
supply side and healthcare system-related factors were not
deliberated or assessed. Moreover, some of the children
(nearly one-tenth) had no vaccination cards. Therefore, the
information about vaccination status had to be limited to the

mother’s verbal responses that might be liable to recall bias.

Conclusion

In this study, some socio-demographic factors like
mother’s educational status, average monthly income,
graduated as model family, a number of under-five
children, birth order of the selected child, knowledge
on vaccination, and mothers provided TT vaccine, were
identified as determinants of childhood incomplete vac-
cination. Improving maternal knowledge on vaccina-
tion service utilization, educational status, and income
should be an expectable measure to reduce incomplete

vaccination.
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Abbreviations
ANC, Antenatal Care; EPI, Expanded Program of
Immunization; TT, Tetanus Toxoid; VPD, Vaccine-

Preventable Diseases.

Data Sharing Statement

The datasets used and analyzed during the current study are
available from the corresponding author on reasonable
request.

Ethical Consideration
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