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Background: Vaccination is one of the best cost-effective public health interventions to safeguard children from vaccine-preventable diseases. In Ethiopia, the prevalence of default to the full completion of child immunization is high. However, the determinants of default to full completion have not been thoroughly investigated in this study area. Therefore, this study assessed the determinants of default to the full compilation of vaccination among children between 12 and 23 months old in Yilmana Densa District, west Gojam, northwest Ethiopia.

Methods: A community-based unmatched case-control study design was employed in the Yilmana Densa district among 343 (111 cases and 232 controls) randomly selected 12–23 months old children. Face-to-face interviews were used to collect data using a multistage sampling method. For analysis, data were entered into epidata version 3.1 and exported to SPSS 23 software. Descriptive analysis followed by binary and multivariable logistic regression analysis was conducted. The statistical significance was declared at a p-value of 0.05.

Result: This study identified that mothers who had not attended ANC follow-up [AOR = 5.55, 95% CI: (1.789–17.217)], mothers who had not gotten information about vaccinations [AOR = 8.589, 95% CI: (4.414–16.714)], and mothers whose time taken to reach vaccination site is more than 39 min were at higher risk to default from completion of vaccination [AOR = 3.252, 95% CI: (1.952–5.417)]. Furthermore, maternal waiting time (>45 min) for child vaccination [AOR = 2.674, 95% CI: (1.517–4.714)] and home delivery [AOR 3.19, 95% CI: (1.751–5.814)] were risk factors to default child from full completion of vaccination.

Conclusion: Mothers delivered at home, mothers not attending ANC follow-up, mothers who did not get health information about the vaccine, mothers taking longer time to reach the vaccination site, and staying longer time for child vaccination are causes of default. Motivated institutional delivery services utilization is recommended. The district office should consider the distribution of vaccination sites by the opening of new outreach site to reduce the waiting time of mothers.
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Background

Vaccination is the administration of a mixed vaccine intended to activate a recipient's immune system to release antibodies that provide future protection against specific infectious diseases. Vaccination is a simple, safe, lifesaving, and cost-effective health intervention shown to reduce childhood morbidity and mortality (1). Vaccination significantly minimizes vaccine-preventable diseases worldwide after the implementation of the expanded immunization program in 1974 (2). All countries are recommended to reach ≥90% vaccination coverage for all vaccines by 2020 (3). However, large magnitudes of children are not fully vaccinated as recommended by the WHO. According to WHO guidelines, children are considered fully vaccinated when they received the 10 vaccines against the 10 vaccine-preventable diseases: Bacillus Chalmette Guerine (BCG), three doses of pentavalent, two doses of Rota vaccine, diphtheria pertussis and tetanus, hepatitis B hemophilus influenza type b (DPT-Hep B-HIB), pneumococcal conjugated vaccine (PCV), and three doses of polio vaccine and measles vaccine by the age of 12 months (4).

The dropout rate is measured between the first and third doses of the DPT-Hep B-HIB vaccine. The proportion of the first dose Diphtheria-Pertussis-Tetanus (DTP) received to complete the third dose of DTP is varied among World Health Organization (WHO) regions. Despite the variation, the 3-dose DTP series immunization program's effectiveness in 2016 was <5% and only a few countries achieved the plan due to different barriers (5, 6).

Globally, about 5% (6.6 million) of children drop out, but the highest third dose of DTP vaccine dropout rate was recorded in the African Region, which accounts for 11% (3.1 million) and the lowest dropout rate was in Western Pacific Region, at 0.4% (0.08 million) (7). In the year 2016, worldwide, 14% of children failed to complete the series of three doses of DTP. However, 19.5 million children failed (dropout) to receive the DTP3 dose. Among those who did not receive the third dose of DTP, 11.8 million (61%) were in 10 countries (2, 8). Nigeria (18%), India (16%), Pakistan (7%), Indonesia (6%), and Ethiopia (4%) are the top five defaulting rate countries (7, 9).

Defaulting vaccination is a continued problem in all African regions, including Ethiopia, putting children at serious risk of potentially fatal vaccine-preventable diseases. Demographic barriers such as parents' lack of education, low socioeconomic status, populations living in difficult-to-reach areas challenged the success of EPI. Additionally, programmatic difficulties, including vaccine stock-outs and violence, continue to hinder some children from benefiting from comprehensive immunization at the local or national levels. Program expenses and a lack of political will also contribute to the issues (7, 10).

In Ethiopia, due to the presence of childhood vaccine trends, infant, child, and under-five mortality have been steadily declining over the last 18 years. However, there is the problem of coverage, full completion of vaccination, and vaccination schedule timeliness. Regional coverage of the third dose of DTP, OPV3, and the first dose of the measles-containing vaccine (MCV1) remained stable in 2016 (11), according to WHO/UNICEF Estimates of National Immunization Coverage released in July 2017. On the other hand, the 2016 EDHS report showed that vaccination coverage was 73% for DTP1, 53% for DTP3, 56% for Polio3, and 54% for measles. But, only 39% of full completion vaccination coverage has been reported (12).

According to the EDHS (2016) report, Ethiopian children are vaccinated for the first doses of vaccination but not the consecutive doses, which leads to a high dropout rate in Ethiopia. Therefore, about 1.5 million children died every year due to a high dropout rate (3). Therefore, this study aimed to determine factors associated with incomplete immunization coverage among children between 12 and 23 months old in Ethiopia, Yilmana Densa district of West Gojam zone.



Methods and materials


Study design

An unmatched community-based case-control study design was used.



Study area and period

This study was conducted in Yilmana Densa, West Gojam zone, Ethiopia, from 30 March to 15 May 2019. Yilmana Densa district is the second-most populated district in the west Gojam Zone with an estimated number of 275,187 populations. Of which, 136,218 (49.5%) were female and 5,200 (5.1%) were children between 12 and 23 months of age. The district has 5 urban and 30 rural kebeles. EPI is provided by all health centers, health posts, and outreach sessions. Health service coverage was 89%. According to the 2017/18 district health office report, the full completion vaccination coverage was 66%, which is below the WHO standard (80%).



Population

All children between 12 and 23 months of age, and who had started at least one dose of the routine immunization program in the Yilmana Densa district were the source population. All children between 12 and 23 months of age residing in randomly selected kebeles were the study population.



Eligibility criteria
 
Cases

All children aged 12–23 months lived in the study area for the past 2 years and the children at least received one vaccination exposure.



Controls

All children aged 12–23 months have completed all the recommended vaccines.



Exclusion criteria

Children whose parents or guardians struggle to communicate immunization information about their child succinctly.




Sample size calculation and sampling technique

The sample size was calculated using EPI info version 7.2.1.0 and is based on the following assumptions: A power of 80% with a 95% confide level (CL), a maximum tolerable error of 5%, and the one case to two control (1:2) ratio with Odds ratio of 5.7. With a 10% non-response rate, 345 people were the estimated sample size (115 cases and 230 controls). Proportions of maternal health service utilization among cases (97.7%) and controls (88.1%) were obtained from the previous literature (13).

The study participants were selected using a stratified sampling technique. The district was classified into two strata: urban and rural residents. Then, one urban and seven rural kebeles were chosen at random to provide valid study subjects. Cases and controls in the kebeles were identified using child vaccination cards and a vaccine registration book from the health posts. Cases were children aged 12–23 months who have missed at least one dose from the recommended schedule (except for polio zero). The total sample size of 345 (115 cases and 230 controls) was allocated proportionally to each selected kebele. Finally, the study participants were selected randomly by the lottery method from all the selected kebeles and households. A data extraction checklist form was used to extract secondary data. Primary data were collected using a structured and interviewer-administered questionnaire.



Study variables

Defaulting from full completion of vaccination (Yes/No) were the dependent variables. Whereas, the independent variables were socio-demographic factors such as age of mother, pregnancy status, residency, caretaker, maternal occupation, sex of the child, birth order, child's father, and paternal behavior; government-related factors: health budget policy and vaccine demand/vaccine supply; health service accessibility: time taken to get health post, waiting time for vaccination, place of delivery, antenatal care service, vaccine mode of transport to health facility/outreach site, and stock out vaccination place/time; maternal health service utilization: ANC/PNC, TT vaccination, antenatal conference participation, and inconvenient vaccination place/time, waiting time, appointment, and getting of health education about vaccination.



Operational (working) definition

• Complete vaccination: A child aged 12 and 23 months who had received 10 basic vaccines.

• Vaccination defaulters: When a child missed at least one dose from the recommended schedule.

• ANC follow-up of last pregnancy: A woman who receives routine health services during her pregnancy in accordance with WHO recommendations of at least four visits for low-risk pregnancy.

• Caregiver: It refers to the most responsible person who provides child care for a child aged between 12 and 23 months whose biological mother is unable to provide intimate care.



Data collection tools and procedure

Secondary data were extracted using a data extraction checklist form. Face-to-face interviews were used to collect primary data using a structured and pretested Amharic version questionnaire. The questionnaire was first prepared in English and then translated to Amharic. The questionnaire had designed to measure socio-demographic characteristics, maternal health service utilization, health facility access, paternal behavior, vaccination status of a child, and reasons for defaulting from full completion of vaccination. Children's vaccination cards were used to collect information about their vaccination status.



Data quality assurance

The questionnaire was pretested on 5% of the study participants in another area. Data collectors and supervisors each received 1 day of training to ensure that they all had a common understanding of the study's objectives and each of the questionnaire's questions. Daily, data were checked for completeness, consistency, accuracy, and clarity. Communication with data collectors, supervisors, and principal investigators was maintained throughout the study period. Before data entry, the data collectors, supervisors, and principal investigator checked the returned collected data for completeness.



Data analysis

The data were cleaned, coded, and entered into Epi data version 3.1 and exported to SPSS version 23 for analysis. The simple frequency with percentage, figure, and tables were used to display the descriptive part of the result. A bivariable logistic regression model was used to identify the determinant variables. A variable with p ≤ 0.2 in bivariable logistic regression was eligible for the multivariable logistic regression analysis model to control the confounding effect. Both bivariable and multivariable logistic regression models were used to identify the determinant factors of default to full completion vaccination. Odds ratio (OR) with a 95% confidence interval was used to identify the strength of associations. A p < 0.05% was considered a statistically significant association.




Results


Socio-demographic characteristics

A total of 343 respondents participated in this study with a response rate of 98%. Of these, 96 respondents in cases (87%) and 222 respondents in controls (95.7%) were biological mothers. The mean ± SD participants' age was 29.9 ± 6.8 years with a minimum age of 19 years and a maximum age of 51 years. Of these, 46 (41%) respondents of cases and 96 (39%) respondents of controls were between 25 and 34 years. Among all the participants, 88 cases (79%) and 178 controls (77%) were rural duelers. Ninety-two percent (102) cases (92%) and 227 controls (98%) were married. Eighty-eight cases (79%) and 173 controls (75%) were farmers, 85 cases (77%) and 150 controls (65%) were Illiterate, 91 (82%) cases and 161 controls (69%) were not currently engaged in women development army network (Table 1).


TABLE 1 Maternal and child Socio-demographic characteristics contributing factor of defaulting from completion of vaccination among children aged 12–23 months, in Yilmana Densa district, west Gojam, Ethiopia, 2019.
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Socio-demographic factors on defaulting of full completion of vaccination

Children with caregivers [COR: 3.469 (CI: 1.505–7.996)], illiterate mothers [COR: 1.787 (CI: 1–2.992)], farmer parents [COR: 1.787 (1.232–2.992)], and children who are not live together with their fathers [COR: 3.991 (CI: 1.999–7.968)] were more likely of default full completion of vaccination (Table 2).


TABLE 2 Association between maternal and child socio demographic characteristics and defaulting vaccination status among children aged 12–23 months, in Yilmana Densa district, West Gojam, Ethiopia, 2019.
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Health facility-related factors of defaulting full completion of vaccination

In the bivariate regression model, three variables (travel time, waiting time, and site of delivery) were found to be determinants of defaulting from full completion of vaccination. Children delivered at home were more likely to default from being fully vaccinated than those who were born at a health facility [OR: 3.156 (1.912–5.425)]. Primary caretakers who travel for more than 39 min have a higher risk of being defaulting vaccinated than those who travel for <39 min for child vaccination (OR: 3.221, 95% CI: 1.912–5.425). Primary caretakers with poor knowledge about the schedule of vaccination were more likely to incomplete the recommended vaccination of children (OR: 3.90, 95% CI: 1.60–9.51). Mothers/caretakers who waited for more than 45 min toward vaccinating their child were three times more likely to have a default from full completion of vaccinated children than those who waited <45 min [OR: 3.008 (1.678–5.394)] (Table 3).


TABLE 3 Association between heaths related factors and defaulting vaccination status of children.
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Maternal health service utilization related to defaulting of complete vaccination

Mothers who did not use any type of ANC service before delivery of the child were three times more likely to have defaulter children than mothers who did use ANC services [OR = 2.521 (95% CI: 2.521 (1.308–4.86)]. Mothers who did not have vaccination-related health information were nine times more likely to have defaulter children than mothers who had gotten child vaccination-related health information {OR = 8.589 (4.414–16.714)} (Table 4).


TABLE 4 The effect of Maternal and child health services on factors and defaulting from completion of child immunization in Yilmana Densa district, North West of Ethiopia, 2019.
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Reasons for defaulting from full completion of child vaccination

The main causes for defaulting from full completion of vaccination were the vaccine vials cannot be opened for one child, reported in 31 of 111 cases (28%), mother's becoming busy with her own routinely activity reported in 30 of 111 (27%), and forgetfulness of vaccination schedules/appointment, reported in 28 of 111 cases (25%) (Figure 1).


[image: Figure 1]
FIGURE 1
 Reasons a child defaulting from full completion of vaccination among respondents in Yilmana Densa District, West Gojam zone, northwest of Ethiopia, 2019.




Independent predictors of incompletion of immunization

From the multiple logistics regression analysis, after controlling the confounding variable, 14 variables such as respondent status, maternal education level, the status of child's father, site of birth, the time taken to vaccination site, waiting time for vaccination, attended ANC follow-up in current pregnancy, maternal Tetanus toxoid (TT) vaccination status, and maternal participation in the conference during the current pregnancy period were found to be independent predictors of defaulting vaccination.

Babies born at home were more likely to remain defaulting vaccination than those who were delivered at a health institution (AOR: 3.156, 95% CI: 1.912–5.425). Children living with a single partner had a higher risk of being incompletely vaccinated than those living with both partners [AOR: 3.68, 95% CI: (1.806–7.508)]. Mothers/caregivers who did not get information about the vaccination were nine times more likely to default from full completion of vaccination of their children than those who had gotten information about vaccination [AOR: 8.589, 95 % CI: (4.414–16.714)]. Children with primary caregivers who take more than 39 min to arrive at the vaccination site are more likely to skip full-course vaccination [AOR = 3.252 (1.952–5.417)]. Similarly, primary caregivers of children who wait for vaccination for <45 min are less likely to default on vaccination than those who wait more than 45 min for vaccination of their children [AOR = 2.674 (1.517–4.714)]. Furthermore, children with mothers who did not attend ANC during their previous pregnancy [OR: 5.55, 95% CI: (1.789–17.217)] were six times more likely to skip vaccinations than children with mothers who tried to attend ANC care during their previous pregnancy. The mother's educational level was significantly related to vaccination defaulting. Children who were born from illiterate mothers were two times at a higher risk to default from completion of vaccination than children who were born from educated mothers (Table 5).


TABLE 5 Multiple logistic regression analysis of Independent predictors of defaulting from full completion of child vaccination in Yilmana Densa district, North West, Ethiopia, May 2019.
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Discussion

In Ethiopia as well as the Amhara region, tremendous activity was done to reduce child mortality but in recent time, the outbreaks of different diseases become a public health problem.

This study assessed predictors of vaccination default and revealed that maternal education status, time taken to reach vaccination sites by walking, ANC follow-up, primary caretakers who received information from HEW about child vaccination, maternal participation in current pregnancy conference, mothers taking TT vaccine, primary care status, site of delivery, and living time of child without a father were independent predictors of vaccination default of child after controlling for all other variables. This study identified that maternal (caregivers) educational status was an independent determinant factor to complete full immunization. This finding was agreed with other studies conducted in Ethiopia and abroad (14–17). This finding can be explained by the fact that educated mothers may have better knowledge and attitudes about the benefits and requirements of child immunization than uneducated mothers (caregivers). In this study, the time taken to the vaccination site was an independent determinant factor of defaulting to vaccination. Other studies in Pakistan, Ethiopia Uganda, and Indonesia also reported similar results (18–21). This finding was not surprising given that traveling to distant locations takes time and money for mothers and caregivers. This may force mothers to abstain from vaccinating their children.

This study also revealed that children with mothers who had not received the TT vaccine during their most recent pregnancy were two times more likely to drop out from full completion of vaccination as compared with mothers who had received TT vaccination during their most recent pregnancy. This study agreed with studies conducted in Ethiopia and other parts of the world (22–27). The possible explanation may be that mothers who received TT vaccination have the chance to get vaccination-related information during their visit for TT vaccination. This study also identified that the place of delivery was the determinant factor in vaccine defaulting. Other studies also reported that children who delivered at home were at higher risk of defaulting than children who delivered at the health facility (19, 28–30). This is due to mothers who delivered at the health facility could have a better understanding of the need for timely and full immunization of children. In this study, ANC follow-up was another determinant factor for defaulting. This study was consistent with other studies reported in Ethiopia and Kenya (18, 19, 29, 30). ANC is a means to deliver adequate information about child vaccination to mothers.

In this study, children of mothers who have not received health information from HEWs were at higher risk of default vaccination. Other studies here in Ethiopia also reported similar results (17, 24). This finding indicated that HEWs are central to delivering information about child vaccination. This study also identified that defaulting of vaccination were higher in the children of mothers who did not participate in pregnancy conference. This finding implies that it is critical to raise mothers' vaccination awareness through locally appropriate mechanisms such as HEW visits, pregnancy conference participation, and ANC. Perhaps the content of vaccination health education should be reviewed.



Limitation of the study

The mothers'/caretakers' economic status was not investigated, which may impact default vaccination. Recall bias was introduced because mothers may forget about their children's vaccinations and other issues.



Conclusion

This study found that respondent status (non-biological), maternal educational level, the presence of the child's father with the child, and maternal participation in health development army network status were significant among socio-demographic determinants for defaulters of child vaccination. Health facility factors such as the site of delivery, travel time, and waiting time also had a significant association. Additionally, health service utilization factors including ANC follow-up, TT-receiving status, obtaining of health information during ANC follow-up, and maternal participation in pregnancy conferences were the determinant factors of defaulting vaccinations.

To minimize defaulting vaccination, ANC follow-up and mothers' participation in pregnancy conferences should be strengthened. The health professionals and the health extension workers should give special attention to children who live with caregivers and not with their fathers. District health offices should increase the distribution of vaccination and vaccination sites to address district areas that are far from health centers and health posts. Further studies concerning the issue of the timeliness of children's vaccinations and dropout tracing mechanisms are recommended.
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