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Abstract

Objective To estimate the extent of full immunization coverage and to assess the factors associated with full 

immunization coverage using the nationally representative data of Bangladesh.

Settings Children aged 12-59 month in Bangladesh

Participant The socioeconomic characteristics and immunisation status of the children were obtained from 

the latest Bangladesh Demographic and Health Survey (BDHS).  A cross-sectional survey was conducted, 

and Participants were randomly selected through a two-stage stratified sampling design. A total of 6,230 

children were eligible and therefore included in the analysis. Multivariable logistic regression models were 

constructed to determine the significant influencing factors for full immunization coverage of children. 

Results were presented in terms of adjusted odds ratio (s) with 95% confidence intervals.

Results Among the total, about 86% of the children were found fully immunized. Coverage was highest in 

Rangpur division (92%) and lowest in Sylhet division (69.81%). Findings emphasized that full immunization 

coverage was significantly associated with parental education, age of the children, family size, woman 

autonomy, regional variation, and wealth quintiles. Children aged 48 to 59 months had the highest odds of 

being fully vaccinated (AOR=1.32; CI: 1.06 – 1.64; p=0.013). Compare to the children from the poorest 

households, children from the richest households had higher likelihood of being fully immunized (AOR= 

2.20; CI: 1.50 – 3.21; p<0.001).

Conclusions The findings of this study indicate significant variations of child immunization coverage across 

socio-economic and demographic factors. These findings will serve to inform and support innovative 

approach for immunization programs, and the introduction of relevant policies including regular monitoring 

and evaluation of immunization coverage particularly for performing regions so that the broader benefit of 

immunization program could be achieved to all strata of society. 

Strengths and limitations of this study

 Our study investigated, for the first time,  the full immunization coverage of across various regions 

in Bangladesh 

 Multivariable logistic regression models were constructed to assess the potential factors with full 

immunization coverage 

 The study results can be generalized at the country level because of its large sample size using latest 

the nationally representative demographic and health survey data of Bangladesh

 Due to nature of the study, there might be the potential effect of recall bias on our results cannot be 

ignored.

 The selection of variables included in this study also relied on the information available from the 

dataset.
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BACKGROUND

Universal immunization program of children against six vaccine-preventable diseases (VPD) is recognized 

as one of the most cost-effective programs to diminish childhood mortalities and morbidities across the 

world.1,2  Every year, vaccination against VPDs prevents debilitating illness and disability and saves millions 

of child lives globally.3 Over the decades, remarkable improvement has been made toward the development 

of national immunization programs whilst the Extend Program on Immunization (EPI) of WHO has the 

major contribution to this success.4 EPI was formally established in 1974 with the support of World Health 

Organization (WHO) with the goal of immunizing every child against six vaccine-preventable diseases (i.e., 

diphtheria, pertussis, tetanus, poliomyelitis, measles, and tuberculosis) by 1990.5 Top priority was given to 

developing countries because of the higher prevalence, and inadequate service delivery for immunization in 

these settings.4 The government of Bangladesh had initiated the EPI with the support of UNICEF and WHO 

through various outreach activities since 1979 with the overall objective to immunize all children by 1990 

to prevent the VPDs and to eradicate poliomyelitis.5,6 Later in 1995, National Immunization Day (NID) was 

initiated by EPI to sustain the polio-free status and also to increase the immunization coverage achieved 

through different operational activities.6,7 The implementation of the EPI has already been shown to be a 

great success globally; such as, significant improvement in the child immunization coverage and eradicating 

poliomyelitis.8 In the line of success, Bangladesh has experienced impressive improvements in increasing 

immunization coverage and a significant contribution to the reduction of childhood morbidity, mortality and 

also maintaining its polio-free status.9,10 Despite the success of reducing child mortality rate by two-thirds 

since 1990, Bangladesh had experienced 0.1 million child deaths in 2016 11 and enlisted in the top 10 

countries with the highest childhood mortality globally.12 A recent study revealed that almost half of this 

child deaths could be prevented by immunization only.3,13 Therefore, greater focus on completion of all 

recommended EPI vaccines are needed to achieve further gains in decreasing childhood morbidities and 

mortalities.7 Unquestionably, improving the utilization of routine immunization services, and easy access to 

all vaccines is the best option to improve the immunization coverage. 

A number of studies reported findings on child vaccination, few of them generated evidence about the socio-

demographic factors associated with fully-vaccination among children 12 to 59 months of age.14–16 

Furthermore, the available studies focused either specified geographical settings, age groups or ethnic groups 

rather than the nation-wide setting or identified the determinants of each antigen separately.15–22 This study 

tried to capture the full immunization status using latest country representative Demographic and Health 

Survey (DHS) dataset. DHS provides a reliable information on individual-level immunization coverage as 

well as a range of factors that might influence immunization practices. As such, the objective of this study 

was to estimate the extent of fully immunization coverage and to investigate the determinants of full 

immunization using the nationally representative data of Bangladesh. Analysis of a nationally representative 
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dataset would be able to generate the current evidence of vaccination practices that could be useful for 

international comparison and will help to adopt the relevant immunization policies and priorities for 

betterment of child’s health against vaccine preventable disease in Bangladesh. 

METHODS

Data source

Secondary dataset extracted from the Bangladesh Demographic and Health Survey (BDHS) 2014 was used 

for this analysis. The survey was a nationally representative cross-sectional survey that provides up-to-date 

information on socio-demographic, maternal, and child health indications including individual-level 

vaccination coverage. Childhood immunization history was collected for all surviving children over last five 

years. Immunization data were collected based on the records from vaccine cards, and maternal recall in 

those cases when the mother was not able to show child health card or vaccination history was not available 

in the immunization card. Face-to-face interviews with the reproductive-age women (15-49 years) were 

conducted for collecting data using the structured questionnaire and based on the MEASURE DHS program 

model.23 A two-stage stratified random sampling technique was used for this survey. This survey used the 

sampling frame provided by the Bangladesh Bureau of Statistics. Details about sampling technique, survey 

design, and quality control have been described elsewhere.24 The survey was carried out during June to 

November 2014 by the experienced and trained data collection teams. All the DHS data are publicly 

accessible and were made available upon request by MEASURE DHS. Furthermore, approval was sought 

from and given by the MEASURE DHS program office to use this data set. According to the DHS, written 

informed consent was obtained from all participants before the interview.

Outcome variable

The outcome variable of the analysis was children’s immunization status and categorized as fully immunized 

and unimmunized. Vaccination status was categorized as ‘fully immunized’ if the children had received 

doses of all the standard eight antigens; one dose of the vaccine against tuberculosis (BCG), three doses of 

pentavalent (DPT, Hib, and HepB), three doses of polio vaccine (OPV), and one dose of measles vaccines. 

Children aged 12 to 59 months of age were included in this analysis to capture the vaccination status of the 

children. Children younger than 12 months were excluded as they were not old enough to receive the full 

schedule of routine vaccines. Immunization histories for all vaccines were coded as dummy responses as 1 

for fully immunized and 0 otherwise. In a small number of cases, where health cards were unavailable and 

mothers indicated that they did not know about their children’s vaccination status was considered as “not 

fully immunized” since such responses reflect the negative response about immunization.15
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Explanatory variables

Explanatory variables were selected based on the published literature, prior knowledge, and availability of 

variables in the BDHS 2014 dataset. Area of residence, administrative division, sex and age of children, 

birth order, family size, parental education, mass media exposure, household wealth index and mother’s 

decision-making ability on both children and own health care matters were included as explanatory variables. 

In this analysis, categorization of continuous variables was done on the light of previous literature where 

child age was categorized into four groups at twelve months of interval, and maternal age was categorized 

into three groups (less than 20 years, 20-34 years and more than 34 years). Self-reported parental (both 

mother and father) educational attainment was used and categorized as “no education,” “primary,” 

“secondary,” and “higher.” No education refers to not attaining any formal education, primary was defined 

as completing grade 5, secondary as completing grade 10, and higher was defined as attaining more than 

grade 10. We utilized the predetermined wealth index category provided in the dataset where it was 

generated from selected household assets using principal component analysis (PCA) and classified into five 

groups as: “poorest,” “poorer,” “middle,” “rich,” and “richest.” Moreover, both the decision-making ability 

of mothers for both children and own health care were categorized into four groups as “herself,” “jointly 

with husband,” “husband alone” and “other.” Beside this, childbirth order, family size and access to mass 

media were also categorized and included as the explanatory variables in this analysis.

Statistical analysis

The original dataset comprised of 8,092 children aged 0 to 59 months of age and for our analysis 1,555 

children were excluded as they were under 12 months of age and were not old enough to have received the 

full schedule of routine immunization. Moreover, 307 missing data on vaccination information were also 

excluded from the analysis, and finally, a total of 6,230 children were eligible and included in the analysis. 

A proper sampling weight was used in this analysis to make the sample more representative of the population 

at the national level. Descriptive statistics such as the frequency with percentage were executed to represent 

the background characteristics of study participants, and proportion with 95% confidence interval (CI) was 

used for presenting the coverage rate of fully vaccinated children. Multivariable logistic regression models 

were constructed to determine the significant influencing factors for fully vaccination with all the antigens 

and results were presented in terms of adjusted odds ratio (s) (AOR) with 95% confidence intervals (CI). 

Before the execution of a multivariate regression model, bivariate analysis was also conducted to trace out 

the significant factors and then these were retained for the regression models. Two separate logistic 

regression models; Model I and Model II were constructed to obtain unadjusted odds ratio and adjusted odds 

ratio (adjusted with other explanatory variables) and presented with 95% confidence interval (CI). Variance 

Inflation Factor (VIF) was calculated to detect multicollinearity in the model. Linktest command through 
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Stata/SE 13.0 indicated that the constructed model was well specified.  Data cleaning, validation, and all 

statistical analyses were performed using Stata/SE 13.0 (Stata Corporation, College Station, TX, USA).

RESULTS

Descriptive statistics

Distribution of study participants across socio-demographic variables is presented in table 1. Among the 

total included children, about 86% were found as fully vaccinated. A greater portion of the participants was 

from the rural areas (74.68%) and from Dhaka division (35.11%). Participants were almost equally 

distributed by sex and age categories. Among the participants, 37.66% was the first-born child, and most of 

the children’s families consisted of 4 to 6 members. Majority of the mothers (80.43%) were aged between 

20 to 34 years.  About 46% of the mothers and 30% of fathers had secondary level education. Less than half 

of the mothers (40.87%) had access to mass media, e.g., radio and television. Majority of mothers reported 

that they had the ability of decision-making for their own as well as their children’s healthcare. 

(Table 1 will be inserted here)

Vaccination coverage rate among study participants

The immunization coverage rate of study participants is also presented in table 1. Findings revealed that 

vaccination coverage was slightly higher in urban areas (88.5%) than the rural (85.11%) and highest in 

Rangpur division (91.48%) followed by Khulna (89.01%), Dhaka (88.81%) and the lowest in Sylhet division 

(69.81%). The immunization coverage across antigens are shown in Figure 1. Full immunization coverage 

was similar across sex and age categories of the children. However, first born child had slightly higher 

vaccine coverage rate (88.35%) than the other (87.66% for second and 81.59% for third or more birth order). 

(Figure 1 will be inserted here)

Findings also found that vaccination coverage was the highest among the children whose parents had higher 

educational attainment (94.22% and 93.69% for higher educated mother and father respectively). Vaccine 

coverage rate was also higher among the children of mothers who have access to mass media. The fully-

vaccination coverage was found to be increased as the economic status of the children’s family increased 

(73.85% for the poorest to 93.16% for the richest quintile). It was observed from the analysis that vaccination 

coverage rate was higher among the children whose mother had the involvement in the decision-making 

ability for their own and also their children’s healthcare. Among the participants, the overall coverage rate 

of BCG vaccine was the highest (97.08%) followed by OPV-1 (97.02%), Pentavalent-1 (96.57%), OPV-2 

(95.78%) and Pentavalent-2 (95.35%) where the coverage of measles was the lowest (87.97%) (Figure 2). 

Furthermore, the coverage of each vaccine by urban and rural areas are also presented in the following figure 

2.

(Figure 2 will be inserted here)

Page 6 of 21

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

7

Associated factors for the vaccination coverage

Table 2 shows the potential factors those are associated with the full-immunization coverage among the 

children aged 12 to 59 months in terms of both the unadjusted (Model I) and adjusted (Model II) odds ratios. 

The analysis shows that several socio-demographic factors like administrative divisions, age of children, 

family size, parental education, wealth index, and child healthcare decision makers were associated with the 

full-immunization status in both models. From univariate analysis (Model I), we found that area of residence, 

childbirth order, access to mass media and mothers’ healthcare decision maker were significant factors for 

fully-immunization. In model II (from multivariate analysis), no such association was observed when 

adjusted with all potential confounders. In model I, urban children were significantly 1.35 times more likely 

to be fully-vaccinated than the rural (CI: 1.13-1.60; p=0.001), and the 1st born child was significantly 1.71 

times more likely to be fully-vaccinated than the child of third or more birth order (CI: 1.45-2.03; p<0.000). 

We observed that mothers of the children who had access to the mass media, and decision-making ability, 

had higher odds than the counterparts. Similarly, parental education and wealth status played a significant 

role for the full coverage. 

In the adjusted model (model II), the likelihood of being fully vaccinated was significantly lower in Sylhet 

division than other the counterparts. We found that, the number of full immunized children were significantly 

higher in Rangpur division (AOR: 3.46; CI: 2.45-4.88; p< 0.000) followed by the children from Dhaka 

(AOR: 2.59; CI: 2.05-3.28; p< 0.000), Khulna (AOR: 2.33; CI: 1.62-3.33; p< 0.000)  and Rajshahi (AOR: 

1.96; CI: 1.46-2.64; p< 0.000)  division. The odds of being full immunization differed across the age groups 

of the children. For instance, children aged 48 to 59 months had the highest odds of being fully vaccinated 

(AOR=1.32; CI: 1.06 – 1.64; p=0.013) compared to the children aged 12 to 23 months.  Family size appeared 

as a significant factor for full immunization as medium households (4 to 6 members) often immunized more 

than counterpart (AOR=1.56; CI: 1.32 – 1.86). Findings also revealed that parental education was 

significantly associated with full-immunization. It was observed that, the odds of being full immunization 

were increased, as the educational attainment of parents increased; and the children from higher educated 

mother were significantly 1.96 (CI: 1.21 – 3.17; p=0.006) times more likely and the children of the higher 

educated father were 1.55 (CI: 1.05 – 2.29; p=0.026) times more likely to be fully vaccinated compared to 

the reference category (no education). Compare to the children from the poorest households, children from 

the richest households had the highest odds of being fully immunized (AOR= 2.20; CI: 1.50 – 3.21; p<0.000) 

followed by the middle wealth quintile (AOR= 1.78; CI: 1.37–2.30; p<0.000). Lowest odds were found 

among the children whose health care decision was made only by their father (AOR=0.69; CI: 0.51 – 0.92; 

p=0.012) compared to the children where children’s healthcare decision were made by mothers. 

(Table 2 will be inserted here)
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DISCUSSION

Immunization against vaccine-preventable diseases through the Expanded Program on Immunization is one 

of the most cost-effective health investments by reducing child mortality, morbidity, and disability.25 As 

consequences, Bangladesh has had a successful history of immunization and coverage is remarkably 

increased over the 10-year period 2004–2014.  However, the coverage varies across different strata of the 

society and geographic locations. The present study examined the immunization coverage and determinants 

those have potential impact on full-immunization status.

We found that the overall full immunization coverage is impressive (86%) within South East Asia Region.26 

The underneath success is due to the nature of a pluralistic health system of Bangladesh where the public, 

private sector, and non-governmental organizations actively participate to deliver healthcare services. In 

addition, the introduction of systematic outreach approaches helped to increase accessibility to routine 

immunization where community health workers directly involved for delivering vaccines.27 Further 

community mobilization and public awareness related programs also played significant role in generating 

demand for vaccine uptake.28 Despite the success, vaccination coverage is not similar throughout the country, 

for instance, the full immunization coverage is high in Rangpur while still low coverage in Sylhet region. 

Our study showed that various factors such as parental education particularly mothers’ education, age of the 

children, family size, regional variation, and wealth quintiles played a significant role for fully immunization 

coverage. The importance of parental education in improving child’s health is universally recognized. Like 

many studies we found parental education appeared as a significant factor for childhood immunization.15,29 

This is due to their better understanding of the recommended immunization schedule than non-educated 

parents.30 Further, educated parents are likely to be wealthier and able to have better access to health facilities 

and immunization services.29 Like other studies in various settings, we observed that children of educated 

mothers are often fully immunized than non-educated mothers.15,29,31 It is well established between the 

positive relationship of level of education and public health awareness. Therefore, community-based 

behavior change program such as immunization announcement through radio, television and using local 

drama and public announcement through miking (loud speaker) should be approached targeting uneducated 

mother for better understanding the beneficial role of immunization so that they encourage their children to 

vaccinated timely. 

This study observed that the immunization coverage is highest for children aged 48 to 59 months than the 

counterpart. This is may be due to the mobility of the children as they come to the vaccination centre with 

any of the household member than younger children. However, such findings  was not observed in other 

settings  and found children of older age group often unimmunized.15 Again, size of the family appeared as 

a significant factor of fully immunized children and those who belong to larger family size were more likely 
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to be unimmunized which is also similar to another study as if household size exceeds six members they 

become unimmunized.15 This might also reflect the socioeconomic status of the households as in larger 

family consumed more resources which is troublesome for resource-poor families which has impact on their 

livelihoods. Therefore, policy should address the beneficial role of immunization especially for larger family 

size to increase the full immunization coverage. Wealth status of the household played a significant role on 

immunizing their children. Our results are in similar line with many earlier studies which had shown that 

there is a significant positive relationship between wealth index, and childhood immunization completion 

rates; the chance of being fully immunized children’s is increased as wealth index of household 

increased.15,29,31 The immunization services in Bangladesh are completely free of pay, however, the indirect 

cost of vaccination such as income loss and transportation cost might be associated with low demand for 

vaccination specially for poorest households.32,33 Earlier study in Bangladesh indicated that along with free 

cost of vaccination, approximately US$ 3671 is required for vaccination as recipient cost during vaccination 

program.34 From  univariate analysis, we found that fully immunized coverage was better in urban children 

than rural like earlier studies.15,35 This is due to better health services available in urban area compared to 

rural, however, such relationship was not observed in our multivariate analysis.36

Our study observed that child healthcare decision making by mothers contributed a significant role for fully 

immunization coverage and the child is more likely to be fully immunized if mother is the decision maker. 

This might be due to more consciousness of the mothers for their child’s health than the fathers. Therefore, 

mothers’ autonomy is essential for their child’s immunization. Based on the findings, community-based 

behavior change program targeting parents might be helpful for developing conscious for their childhood 

immunization. However, an earlier study showed that if the parents jointly decide   healthcare decision, their 

children are often fully immunized.15 Thus, there is a need to disseminate information about women 

autonomy in making health care decisions about their children to increase the immunization coverage.  Like 

many low and middle-income countries, we also observed that geographical disparities may contribute to 

the immunization coverage in Bangladesh.5,37,38 Our study found that, children who lived in Sylhet region 

often unimmunized compared with other parts of the country. This is may be due to various supply side and 

demand side factors such as  distances of  health facilities and vaccination centres, fragile communication 

system in some remote areas, afraid of side effects of vaccines, religious conservatism, a low level of literacy 

and even the absent of mother in home during the time of vaccination and even lack of awareness about 

benefit of vaccination for their children.39 Therefore, policy should target divisions with low immunization 

coverage with innovative immunization approach addressing both supply and demand side barriers. 

Households which are located away from or have difficulty in accessing immunization services, especially 

in hilly areas; arranging outreach or mobile immunization strategy can be useful. Further, use of mobile 
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phones may be important vehicles for tracking and improving immunization coverage in such rural hard to 

reach areas of Bangladesh.40

Strengths and limitations

The study has several limitations. The study was based on secondary data and immunization cards and 

mother’s report as a source of information for their child’s immunization status. Therefore, the potential 

effect of recall bias on our results cannot be ignored. Nonetheless, mother’s report is considered a valid 

measure of coverage in the absence of a health card, especially in developing countries.41 The explanatory 

variables were selected based on previous studies and relied on the information available from the dataset.  

Therefore, there might be some other potential predictors that might be influenced fully immunization which 

was not captured in this study. Despite limitations, the study results can be generalized at the country level 

because the study utilized data from the latest nationally representative household survey. Thus, our findings 

are still significant and relevant in drawing attention to the health policy makers for ensuring the benefit of 

vaccination for the betterment of child health.  

CONCLUSION
Our results suggested that immunization coverage is suboptimal among antigens and across various regions 

of Bangladesh. Findings emphasized that full immunization status was significantly associated with parental 

education, the age of the children, family size, woman autonomy, regional variation, and wealth quintiles. 

The findings of this study will serve to inform and support innovative approach for immunization programs, 

and the introduction of relevant policies including regular monitoring and evaluation of immunization 

coverage particularly for low performing regions of Bangladesh and targeting various antigen so that the 

broader benefit of immunization program could be achieved to all strata of society.
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Table 1: Sample distribution and fully immunization coverage of study participants (n=6,230)

Characteristics of Sample Frequency (%) Fully immunized
% (95% CI)

Immunization status
Unimmunized 874 (14.03)
Fully immunized 5,356 (85.97)
Area of residence
 Urban 1,577 (25.32) 88.50 (86.83, 89.98)
 Rural 4,653 (74.68) 85.11 (84.06, 86.10)
Division
 Rajshahi 642 (10.30) 86.16 (83.26, 88.62)
 Barisal 352 (5.65) 84.89 (80.75, 88.27)
 Chittagong 1,336 (21.45) 85.38 (83.38, 87.18)
 Dhaka 2,187 (35.11) 88.81 (87.42, 90.07)
 Khulna 468 (7.51) 89.01 (85.84, 91.55)
 Rangpur 624 (10.01) 91.48 (89.01, 93.43)
 Sylhet 622 (9.98) 69.81 (66.08, 73.30)
Sex
 Male 3,236 (51.94) 85.57 (84.31, 86.73)
 Female 2,994 (48.06) 86.40 (85.13, 87.58)
Age category (in months)
 12 - 23 1,630 (26.17) 83.97 (82.10, 85.67)
 24 - 35 1,560 (25.04) 86.68 (84.90, 88.28)
 36 - 47 1,529 (24.55) 86.63 (84.83, 88.24)
 48 - 59 1,510 (24.24) 86.72 (84.91, 88.34)
Birth order
1 2,346 (37.66) 88.35 (86.99, 89.59)
2 1,880 (30.18) 87.66 (86.09, 89.07)
>=3 2,003 (32.16) 81.59 (79.83, 83.22)
Mother's age
 < 20 years 690 (11.07) 86.85 (84.12, 89.18)
 20 - 34 years 5,011 (80.43) 85.97 (84.98, 86.91)
 35 years and more 529 (8.50) 84.75 (81.43, 87.57)
Family size (members)
 Small (<4) 772 (12.39) 86.35 (83.74, 88.59)
 Medium (4 - 6) 3,609 (57.93) 87.88 (86.77, 88.90)
 Large (>6) 1,849 (29.68) 82.08 (80.26, 83.76)
Mother's education
 No education 1,053 (16.91) 76.77 (74.13, 79.23)
 Primary 1,740 (27.93) 81.17 (79.27, 82.94)
 Secondary 2,870 (46.07) 90.62 (89.50, 91.64)
 Higher 566 (9.09) 94.22 (91.97, 95.87)
Father's education
 No education 1,683 (27.02) 78.64 (76.61, 80.53)
 Primary 1,843 (29.58) 84.84 (83.13, 86.41)
 Secondary 1,857 (29.81) 90.21 (88.77, 91.48)
 Higher 847 (13.60) 93.69 (91.83, 95.14)
Mass media access
 Yes 2,546 (40.87) 90.62 (89.42, 91.69)
 No 3,684 (59.13) 82.75 (81.50, 83.94)
Wealth index
 Poorest 1,438 (23.08) 76.13 (73.85, 78.26)
 Poorer 1,160 (18.62) 85.32 (83.16, 87.24)
 Middle 1,184 (19.01) 89.07 (87.17, 90.73)
 Richer 1,260 (20.23) 88.10 (86.20, 89.78)
 Richest 1,187 (19.05) 93.16 (91.58, 94.46)
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Child's healthcare decision maker
 Herself 934 (15.25) 88.08 (85.84, 90.01)
 Jointly with husband 3,577 (58.37) 87.94 (86.84, 88.97)
 Husband alone 1,249 (20.38) 79.08 (76.73, 81.25)
 By other 368 (6.00) 88.30 (84.59, 91.21)
Mother's healthcare decision maker
 Herself 764 (12.46) 89.23 (86.82, 91.24)
 Jointly with husband 3,208 (52.33) 87.91 (86.74, 88.99)
 Husband alone 1,797 (29.32) 81.78 (79.93, 83.50)
 By other 361 (5.88) 86.23 (82.27, 89.42)
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Table 2: Unadjusted and adjusted effects of factors that are associated with full immunization coverage 

Model I Model IICharacteristics Unadjusted OR (95% CI) p-value Adjusted OR (95% CI) p-value
Area of residence  
 Urban 1.35 (1.13, 1.6) 0.001 0.83 (0.68, 1.03) 0.092
 Rural 1.00  1.00
Division  
 Rajshahi 2.69 (2.03, 3.57) 0.000 1.96 (1.46, 2.64) 0.000
 Barisal 2.43 (1.73, 3.41) 0.000 1.9 (1.33, 2.71) 0.000
 Chittagong 2.53 (2.01, 3.18) 0.000 1.77 (1.39, 2.26) 0.000
 Dhaka 3.43 (2.76, 4.26) 0.000 2.59 (2.05, 3.28) 0.000
 Khulna 3.5 (2.5, 4.9) 0.000 2.33 (1.62, 3.33) 0.000
 Rangpur 4.64 (3.34, 6.45) 0.000 3.46 (2.45, 4.88) 0.000
 Sylhet 1.00  1.00
Sex  
 Male 0.93 (0.81, 1.08) 0.342 0.92 (0.79, 1.07) 0.294
 Female 1.00  1.00
Age categories (in months)  
 12 - 23 1.00  1.00
 24 - 35 1.24 (1.02, 1.51) 0.031 1.26 (1.02, 1.56) 0.033
 36 - 47 1.24 (1.01, 1.51) 0.035 1.22 (0.99, 1.52) 0.064
 48 - 59 1.25 (1.02, 1.52) 0.030 1.32 (1.06, 1.64) 0.013
Birth order  
 1 1.71 (1.45, 2.03) 0.000 1.16 (0.92, 1.46) 0.204
 2 1.6 (1.34, 1.91) 0.000 1.18 (0.96, 1.45) 0.113
 >=3 1.00  1.00
Mothers age  
 < 20 years 1.19 (0.86, 1.64) 0.295 0.75 (0.5, 1.12) 0.164
 20 - 34 years 1.1 (0.86, 1.42) 0.443 0.71 (0.53, 0.95) 0.021
 More than 35 years 1.00  1.00
Family size (members)  
 Small (<4) 1.38 (1.09, 1.75) 0.008 1.29 (0.97, 1.72) 0.074
 Medium (4 - 6) 1.58 (1.36, 1.85) 0.000 1.56 (1.32, 1.86) 0.000
 Large (>6) 1.00  1.00
Mothers education  
 None 1.00  1.00
 Primary 1.3 (1.08, 1.57) 0.005 1.21 (0.98, 1.49) 0.076
 Secondary 2.92 (2.42, 3.54) 0.000 1.85 (1.45, 2.35) 0.000
 Higher 4.93 (3.37, 7.22) 0.000 1.96 (1.21, 3.17) 0.006
Fathers education  
 None 1.00  1.00
 Primary 1.52 (1.28, 1.81) 0.000 1.18 (0.97, 1.43) 0.099
 Secondary 2.5 (2.07, 3.03) 0.000 1.35 (1.06, 1.71) 0.014
 Higher 4.03 (2.98, 5.44) 0.000 1.55 (1.05, 2.29) 0.026
Wealth index  
 Poorest 1.00  1.00
 Poorer 1.82 (1.49, 2.23) 0.000 1.41 (1.13, 1.75) 0.002
 Middle 2.56 (2.05, 3.18) 0.000 1.78 (1.37, 2.3) 0.000
 Richer 2.32 (1.88, 2.86) 0.000 1.38 (1.03, 1.84) 0.030
 Richest 4.27 (3.31, 5.52) 0.000 2.2 (1.5, 3.21) 0.000
Access to mass media  
 Yes 2.01 (1.72, 2.36) 0.000 1.15 (0.92, 1.43) 0.214
 No 1.00  1.00
Mothers healthcare decision 
maker  
 Herself 1.00  1.00
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 Jointly with husband 0.88 (0.68, 1.13) 0.312 0.89 (0.66, 1.2) 0.431
 Husband alone 0.54 (0.42, 0.7) 0.000 0.77 (0.57, 1.06) 0.107
 By other 0.76 (0.52, 1.1) 0.146 0.67 (0.42, 1.08) 0.098
Child healthcare decision 
maker  
 Herself 1.00  1.00
 Jointly with husband 0.99 (0.79, 1.23) 0.910 1.06 (0.82, 1.39) 0.641
 Husband alone 0.51 (0.4, 0.65) 0.000 0.69 (0.51, 0.92) 0.012
 By other 1.02 (0.7, 1.49) 0.912 1.3 (0.81, 2.07) 0.277
Mean VIF 3.07
LR chi2 438.82
Prob > chi2 0.000
Pseudo R2 0.089
linear predicted value (_hat) 0.000
linear predicted value squared (_hatsq)  0.885  
Abbreviations: OR, odds ratios; CI, confidence interval; LR, likelihood ratio; VIF, variance inflation factor;
Model I and II shows the unadjusted and adjusted association of variables with fully vaccination respectively

Figure 1: Full immunization coverage rate (BCG, PCV, OPV, and MR) by administrative divisions 

Figure 2: Distribution of immunization coverage across residence of respondent (urban vs. rural) 
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Descriptive data 14* (a) Give characteristics of study participants (eg demographic, clinical, social) and information on exposures and potential 
confounders

6

(b) Indicate number of participants with missing data for each variable of interest N/A
Outcome data 15* Report numbers of outcome events or summary measures 6,7
Main results 16 (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their precision (eg, 95% confidence 

interval). Make clear which confounders were adjusted for and why they were included
6,7

(b) Report category boundaries when continuous variables were categorized 6,7
(c) If relevant, consider translating estimates of relative risk into absolute risk for a meaningful time period N/A

Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions, and sensitivity analyses N/A

Discussion
Key results 18 Summarise key results with reference to study objectives 8,9
Limitations 19 Discuss limitations of the study, taking into account sources of potential bias or imprecision. Discuss both direction and 

magnitude of any potential bias
10

Interpretation 20 Give a cautious overall interpretation of results considering objectives, limitations, multiplicity of analyses, results from 
similar studies, and other relevant evidence

8-10

Generalisability 21 Discuss the generalisability (external validity) of the study results 10

Other information
Funding 22 Give the source of funding and the role of the funders for the present study and, if applicable, for the original study on 

which the present article is based
10

*Give information separately for cases and controls in case-control studies and, if applicable, for exposed and unexposed groups in cohort and cross-sectional studies.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and published examples of transparent reporting. The STROBE 
checklist is best used in conjunction with this article (freely available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at 
http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is available at www.strobe-statement.org.
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Abstract

Objective To estimate the extent and factors associated with full immunization coverage among children 

aged 12 to 59 months in Bangladesh.

Study design This is a cross-sectional study, with the secondary dataset from Bangladesh Demographic and 

Health Survey. Vaccination status was categorized as ‘fully immunized’ if the children had received the 

eight recommended vaccine doses. Multivariable logistic regression models were constructed to determine 

the significant influencing factors of full immunization. Results were presented in terms of adjusted odds 

ratios with 95% confidence intervals.

Settings The study was conducted in Bangladesh. 

Participant Children aged 12 to 59 months were the study participants. A total of 6,230 children were 

eligible and were therefore included in the analysis. 

Results About 86% (n=5,356) of the children were fully immunized. BCG has the highest coverage rate 

(97.1%) followed by OPV 1 (97%) and Pentavalent 1 (96.6%), where the lowest coverage rate was by 

measles vaccine (88%). Coverage was higher in urban areas (88.5%) when compared to rural ones (85.1%). 

Full immunization coverage was significantly higher among children who lived in the Rangpur division 

(AOR=3.46; CI: 2.45-4.88), were 48 to 59 months old (AOR=1.32; CI:1.06-1.64), lived in a medium size 

family (AOR=1.56; CI:1.32-1.86), had parents with a higher level of education (AOR=1.96; CI:1.21-3.17 

and AOR=1.55; CI:1.05-2.29) and belonged to the richest families (AOR=2.2; CI:1.5-3.21). However, the 

likelihood of being partially or unimmunized was higher among children who had the father as their sole 

healthcare decision maker (AOR=0.69; CI:0.51-0.92).

Conclusions There were significant variations of child immunization coverage across socio-economic and 

demographic factors. These findings will inform innovative approaches for immunization programs, and the 

introduction of relevant policies, including regular monitoring and evaluation of immunization coverage - 

particularly for performing regions, so that the broader benefit of immunization programs can be achieved 

in all strata of society. 

Strengths and limitations of this study

 Our study did a pioneer investigation of full immunization coverage across various regions in 

Bangladesh using the latest nationwide demography and health survey dataset

 Multivariable logistic regression models were constructed to assess with the potential factors 

associated with full immunization coverage 

 The study results can be generalized at the country level because of its large sample size and using 

the latest nationally representative demographic and health survey data of Bangladesh

 Due to nature of the study, the possibility of a recall bias with our results cannot be ignored.
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BACKGROUND

Universal immunization program of children against vaccine-preventable diseases (VPD) has been 

recognized as one of the most cost-effective programs to diminish childhood mortalities and morbidities 

across the world.1,2 Every year, vaccination against VPDs prevents debilitating illness and disability, saving 

millions of young lives globally.3 Over the decades, remarkable improvements have been made toward the 

development of national immunization programs, with the Expanded Program on Immunization (EPI) being 

a major contribution to this success.4 EPI was formally established in 1974, with the support of World Health 

Organization (WHO), with the goal of immunizing every child against six vaccine-preventable diseases (i.e., 

diphtheria, pertussis, tetanus, poliomyelitis, measles, and tuberculosis) by 1990.5 The utmost priority was 

given to developing countries because of the higher prevalence and inadequate service delivery for 

immunization within these settings.4 The government of Bangladesh had initiated the EPI with the support 

of UNICEF and WHO through various outreach activities from 1979, with the overall objective to immunize 

all children by 1990 to prevent the VPDs and to eradicate poliomyelitis.5,6 Later, in 1995, National 

Immunization Day (NID) was initiated by EPI to sustain the polio-free status and also to increase the 

immunization coverage that was achieved through different operational activities.6,7 The implementation of 

the EPI has already been shown to be a great success globally. This can be seen through the significant 

improvement in child immunization coverage and the eradication of poliomyelitis.8 In the line of success, 

Bangladesh has experienced impressive improvements in increasing immunization coverage and a 

significant contribution to the reduction of childhood morbidity, mortality and also maintaining its polio-

free status.9,10 Despite the success in reducing the child mortality rate by two-thirds since 1990, Bangladesh 

recorded 0.1 million child deaths in 2016 11 and was among the top 10 countries that had the highest 

childhood mortality globally.12 A recent study revealed that almost half of this deaths could be prevented 

through immunization alone.3,13 Therefore, a greater focus on completion of all recommended EPI vaccines 

are needed to further achieve gains in decreasing childhood morbidities and mortalities.7 Unquestionably, 

improving the utilization of routine immunization services, and easy access to all vaccines is the best option 

to improve the immunization coverage. 

Although the number of studies have reported findings on child immunization, few of them have generated 

evidence about the socio-demographic factors associated with full vaccination among children aged 12 to 

59 months.14–16 Furthermore, available studies have either focused on specified geographical settings, age 

groups or ethnic groups rather than the nationwide setting, and have not identified the determinants of 

individual vaccines separately.15–22 This study thus sought to capture the full immunization status using the 

latest country representative Demographic and Health Survey (DHS) dataset. The DHS provides reliable 

information on individual-level immunization coverage, as well as a range of factors that might influence 

immunization practices. As such, the objective of this study was to estimate the extent of full immunization 
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coverage and to investigate the determinants of full immunization using the nationally representative data of 

Bangladesh. Analysis of a nationally representative dataset would thus allow for a generation of the current 

evidence of vaccination practices that could be useful for international comparison and will help in 

implementing the relevant immunization policies and priorities for the betterment of the child’s health 

against vaccine-preventable diseases in Bangladesh. 

METHODS

Study design and population

This study was based on a secondary analysis of the latest Bangladesh Demographic and Health Survey 

(DHS) 2014 dataset. The DHS is a nationally representative cross-sectional survey which uses a two-stage 

stratified sampling design to cover the data of the entire country. This survey was carried out for 6 months, 

from June 2014 to November 2014. The BDHS-2014 used three types of questionnaires: household 

questionnaire, woman’s questionnaire, and community questionnaire. Through the women’s questionnaire, 

up-to-date information on socio-demographic, maternal, and child health indications including individual-

level vaccination coverage were collected. Participants of this study were children aged between 1 to 5 years. 

Childhood immunization history was collected for all surviving children over the last five years. 

Immunization data were collected based on the records of vaccine cards, and maternal recall in those cases 

where the mother was not able to show the child health card or vaccination history was not available in the 

immunization card. Face-to-face interviews with reproductive-age women (15-49 years) were conducted for 

the collection of data using the structured questionnaire and based on the MEASURE DHS program model.23 

A two-stage stratified random sampling technique was used for this survey. This survey used the sampling 

frame provided by the Bangladesh Bureau of Statistics. Details about sampling technique, survey design, 

and quality control have been described elsewhere.24  All the DHS data was publicly accessible and were 

made available upon request by the MEASURE DHS. Furthermore, approval was sought from and given by 

the MEASURE DHS program office in the use of this data set for this specific study. According to the DHS, 

written informed consent was obtained from all participants prior to the interviews.

Outcome variable

The outcome variable of the analysis was the children’s immunization status and categorized as fully 

immunized and partially/unimmunized. Vaccination status was categorized as ‘fully immunized’ if the 

children had received doses of all the eight recommended vaccines; one dose of the vaccine against 

tuberculosis (BCG), three doses of pentavalent (DPT, Hib, and HepB), three doses of polio vaccine (OPV), 

and one dose of measles vaccines.24 Children aged 12 to 59 months of age were included in this analysis to 

capture the vaccination status of the children. Children younger than 12 months of age were excluded as 

they were not old enough to receive the full schedule of the routine vaccines. The WHO recommended 
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vaccination schedule for Bangladesh 25 is presented in table 1. Immunization histories for all vaccines were 

coded as dummy responses, with 1 for fully immunized and 0 otherwise. In a small number of cases, the 

immunization cards were not available, and mothers responded with “don’t know” while asked about their 

children’s vaccination status on certain vaccines. In that cases, the vaccination status of children was 

considered as “not fully immunized” since such responses reflect a negative response regarding 

immunization.15

Explanatory variables

Explanatory variables were selected based on the published literature, prior knowledge, and availability of 

variables in the BDHS 2014 dataset. Area of residence, administrative division, sex and age of children, 

birth order, family size, parental education, mass media exposure, household wealth index and the mother’s 

decision-making ability for both the children and their own healthcare matters were included as explanatory 

variables. In this analysis, the categorization of continuous variables was done in light of previous literature 

where the child’s age was categorized into four groups at twelve-month intervals, and maternal age was 

categorized into three groups (less than 20 years, 20-34 years and more than 34 years). Self-reported parental 

(both mother and father) educational attainment was used and categorized as “no education,” “primary,” 

“secondary,” and “higher.” No education refers to there not having any formal education, with primary was 

defined as completing grade 5, secondary as completing grade 10, and higher was defined as attaining more 

than grade 10. Family size was determined by the number of family members who lived together in a 

household, and defined by the BDHS. Family size was categorized on the basis of other published literature 

and categorized as “small”, “medium” and “large”. A “Small” family size refers to the family consisting of 

less than 4 members, “medium” as 4 to 6 members and “large” if the family member exceeds 6 members. 

Mass media access was categorized as “Yes” if the family had access to televisions and radios and “No” 

otherwise. We utilized the predetermined wealth index category provided in the dataset generated from 

selected household assets using principal component analysis (PCA) and classified it into five groups, 

namely: “poorest,” “poorer,” “middle,” “rich,” and “richest.” Moreover, both the decision-making ability of 

the mothers for both their children and personal healthcare were categorized into four groups as “herself,” 

“jointly with husband,” “husband alone” and “other.” 

Statistical analysis

The original dataset comprised of 8,092 children, aged 0 to 59 months of age. In the case of our analysis, 

1,555 children were excluded as they were under the age of 12 months and were not old enough to have 

received the full schedule of routine immunization. Moreover, 307 cases of missing data were present, and 

these were cases where no information were present (no responses, neither “yes”, “no” nor “don’t know”) 

on vaccination information, and thus also excluded from the analysis. Finally, a total of 6,230 children were 
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eligible and included in the analysis. A proper sampling weight was used in this analysis to make the sample 

more representative of the population at the national level. Descriptive statistics, such as the frequency with 

percentages, were executed to represent the background characteristics of study participants, and a 

proportion with 95% confidence interval (CI) was used for presenting the coverage rate of fully vaccinated 

children. The association between each independent variable and the full vaccination uptake was investigated 

using a univariate analysis. Multivariable logistic regression that adjusted for all the selected independent 

variables was also constructed to determine the significant influencing factors for fully vaccination and 

results were presented in terms of adjusted odds ratio(s) with a 95% confidence intervals (CI). Before the 

execution of a multivariate regression model, a bivariate analysis was conducted to trace out the significant 

factors for full immunization. Variables significant at p value ≤0.05 were included in the multivariate logistic 

regression analysis. Variance Inflation Factor (VIF) was calculated to detect any multicollinearity in the 

model. The low value of average VIF (3.07) confirms no notable multicollinearity among variables. Linktest 

command through Stata/SE 13.0 indicated that the constructed model was well specified where the Hosmer-

Lemeshow test statistics of goodness-of-fit indicates the acceptance of the model. Data cleaning, validation, 

and all statistical analyses were performed using Stata /SE 13.0 (Stata Corporation, College Station, TX, 

USA).

Patient and public involvement

No patients were involved in developing the research question, outcome measure, and design of the study. 

We are unable to disseminate the results of the research directly to study participants

RESULTS

Descriptive statistics

Distribution of study participants across the socio-demographic variables is presented in table 2. The 

proportion of full vaccination was 86% (n=5,356). Among the participants, 74.7% (n=4,653) were from rural 

areas and 35.1% were from the Dhaka division. Participants were almost equally distributed by sex and age 

categories. Among the participants, 37.7% was the first-born child, and most of the children’s families 

(57.9%, n=3,609) consisted of 4 to 6 members. Majority of the mothers (80.4%) were aged between 20 to 

34 years.  46.1% of the mothers and 29.8% of fathers had secondary level education. Less than half of the 

mothers (40.9%) had access to mass media, e.g., radio and television. In addition, a majority of the mothers 

reported that they had the capacity for decision-making with regards to both their own as well as their 

children’s healthcare. 

Vaccination coverage rate among study participants
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The immunization coverage rate of study participants is also presented in table 2. Findings revealed that 

vaccination coverage was slightly higher in urban areas (88.5%) as compared to rural areas (85.1%) and was 

found to be the highest in the Rangpur division (91.5%) followed by Khulna (89%), Dhaka (88.8%) and the 

lowest in Sylhet division (69.8%). The immunization coverage across individual vaccines are shown in 

Figure 1. Full immunization coverage was similar across sex and age categories of the children. However, 

first born child had slightly higher vaccine coverage rates (88.4%) than the other (87.7% for second and 

81.6% for third or more birth order). 

Immunization coverage was the highest among children whose parents had higher educational attainment 

(94.2% and 93.7% for higher educated mother and father, respectively). Vaccine coverage rate was also 

higher among the children of mothers who have access to mass media. Full vaccination coverage was found 

to increase in accordance with a higher economic status of the children’s family (73.9% for the poorest to 

93.2% for the richest quintile). Immunization coverage rate was higher among the children whose mother 

had her own healthcare decision-making ability, including that of her children’s healthcare. The overall 

coverage rate of BCG vaccine was the highest (97.1%) followed by OPV-1 (97%), Pentavalent-1 (96.6%), 

OPV-2 (95.8%) and Pentavalent-2 (95.4%) where the coverage of measles was the lowest (88%) (Figure 2). 

Furthermore, the coverage of each vaccine by urban and rural areas is also presented in the following figure 

2.

Factors associated with full immunization coverage

Table 3 shows factors associated with the full-immunization coverage among children aged 12 to 59 months 

in terms of both unadjusted and adjusted odds ratios. The analysis shows that several socio-demographic 

factors, like administrative divisions, age of children, family size, parental education, wealth index, and child 

healthcare decision makers were associated with the full-immunization status in both models. From the 

univariate analysis, we found that area of residence, childbirth order, access to mass media and mothers’ 

healthcare decision maker were significant factors for fully-immunization. Urban children were significantly 

1.35 times more likely to be fully-vaccinated than rural ones (CI: 1.13-1.60; p=0.001), and the 1st born child 

was 1.71 times more likely to be fully-vaccinated than the child of third or more birth order (CI: 1.45-2.03; 

p<0.001). We also observed that mothers of the children who had access to the mass media had higher odds 

than their counterparts (OR= 2.01; CI: 1.72-2.36; p< 0.001). Similarly, parental education and wealth status 

played a significant role for full coverage in cases where children of higher educated mother and father were 

a significant 4.93 times (CI: 3.37-7.22) and 4.03 times (CI: 2.98-5.44) more likely to be vaccinated than 

children of uneducated mothers. 

In the adjusted model, the likelihood of being fully vaccinated was significantly lower in the Sylhet division 

than other regions. We found that the number of full immunized children was significantly higher in Rangpur 
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division (AOR: 3.46; CI: 2.45-4.88; p< 0.001) followed by the children from Dhaka (AOR: 2.59; CI: 2.05-

3.28; p< 0.001), Khulna (AOR: 2.33; CI: 1.62-3.33; p< 0.001) and Rajshahi (AOR: 1.96; CI: 1.46-2.64; p< 

0.001) division. The odds of full immunization differed across the age groups of the children. For instance, 

children aged 48 to 59 months had the highest odds of being fully vaccinated (AOR=1.32; CI: 1.06 – 1.64; 

p=0.013) compared to children aged 12 to 23 months.  Family size also appeared to be a significant factor 

for full immunization as medium households (4 to 6 members) often immunized more than their counterpart 

(AOR=1.56; CI: 1.32–1.86). The findings also revealed that parental education was significantly associated 

with full-immunization. It was observed that the odds of being full immunization were increased as the 

educational attainment of parents increased; and that children from higher educated mother (AOR=1.96; CI: 

1.21 – 3.17; p=0.006) and higher educated father (AOR=1.55; CI: 1.05 – 2.29; p=0.026) were more likely 

to be full vaccinated compared to those with uneducated parents.  Children from the richest households had 

the highest odds of being fully immunized (AOR= 2.20; CI: 1.50 – 3.21; p<0.001) followed by the middle 

wealth quintile (AOR= 1.78; CI: 1.37–2.30; p<0.001). The lowest odds were found among the children 

whose health care decision was made only by their father (AOR=0.69; CI: 0.51 – 0.92; p=0.012) compared 

to children with healthcare decisions that were made by the mothers. 

DISCUSSION

The present study examined the immunization coverage and determinants of full-immunization status. We 

found that the overall full immunization coverage is impressive (86%) within South East Asia Region.26 The 

underlying success is due to the nature of a pluralistic health system of Bangladesh, where the public, private 

sector, and non-governmental organizations actively participate to deliver healthcare services. In addition, 

the introduction of systematic outreach approaches helped to increase accessibility to routine immunization 

where community health workers are directly involved in delivering vaccines.27 Further community 

mobilization and public awareness related programs have also played a significant role in generating demand 

for vaccine uptake.28 

Despite the success, immunization coverage is not similar throughout the country. For instance, the full 

immunization coverage is high in Rangpur while still showing low coverage in the Sylhet region. Our study 

showed that various factors, such as parental education particularly mothers’ education, age of the children, 

family size, regional variation, and wealth quintiles played a significant role for fully immunization 

coverage. The importance of parental education in improving child’s health is universally recognized. As 

earlier studies on childhood vaccination in Indonesia have shown, we found that parental education appeared 

to be a significant factor for childhood immunization.15,29 This is due to their better understanding of the 

recommended immunization schedule than non-educated parents.30 Furthermore, educated parents are likely 

to be wealthier and have better access to health facilities and immunization services.29 Like other studies in 
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various settings, we observed that children of educated mothers were often fully immunized when compared 

to non-educated mothers.15,29,31 It is well established that there is a positive relationship between level of 

education and public health awareness. Therefore, community-based behaviour changes programs, such as 

immunization announcement through radio, television and using local drama and public announcement 

through miking (loud speaker), should be approached to target uneducated mothers in order to provide a 

better understanding of the beneficial role of immunization so that they are encouraged to vaccinate their 

children in a timely fashion. 

Unlike other studies, we observed higher immunization coverage rate among children aged 48 to 59 months, 

which indicates the poor performance of current immunization programs. Therefore, strong commitment 

would be necessary to increase the number of full immunization coverage.15 Again, the size of the family 

appeared to be a significant factor of fully immunized children. Those who belonged to larger family size 

were more likely to be unimmunized. This is similar to the findings in other earlier studies conducted in 

Indonesia, Greece, and Angola, where it was also reported that children form larger family size were less 

likely to be fully immunized.15,32,33 This might also reflect the socioeconomic status of the households as 

larger families consume more resources, which is troublesome for resource-poor families and would thus 

impact on their livelihoods. Therefore, policies should focus on awareness development, especially in 

targeting the larger family to increase the full immunization coverage. Wealth status of the household plays 

a significant role in the immunizing of their children. Our results are similar to many earlier studies which 

have shown that there is a significant positive relationship between wealth index, and childhood 

immunization completion rates; the chance of having fully immunized children increases in accordance with 

the wealth index of household.15,29,31 While the immunization services in Bangladesh are completely free of 

charge, the indirect cost of vaccination, such as income loss and transportation cost might be associated with 

the low demand for vaccination specially for poorest households.34,35 Children from urban areas have been 

reported to have better immunization status compared to their rural counterparts. This result confirmed 

previous findings where similar association was also reported.15,36 This is due to better health services 

available in urban areas compared to the rural.37

Our study observed that child healthcare decision making by mothers also contributed, playing a significant 

role in immunization coverage, with the child more likely to be fully immunized if the mother was the 

decision maker. This might be due to more awareness of the mothers for their child’s health than the fathers. 

Therefore, the mothers’ autonomy is essential for their child’s immunization. However, an earlier study 

showed that if the parents jointly decided on healthcare decision, their children were often fully immunized.15 

Thus, there is a need to disseminate information about women autonomy in making health care decisions 

about their children to increase immunization coverage. Based on the findings, community-based behaviour 

change program that target parents might be helpful for developing awareness for their childhood 
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immunization.   Like many low and middle-income countries, we also observed that geographical disparities 

may contribute to the immunization coverage in Bangladesh.15,38–40 Our study found that children who lived 

in Sylhet region were more often unimmunized when compared with other parts of the country. This is may 

be due to various supply side and demand side factors, such as the distance of health facilities and vaccination 

centres, fragile communication systems in some remote areas, a fear of the side effects of vaccines, religious 

conservatism, a low level of literacy, and even lack of awareness about the benefit of vaccination for their 

children.40 Therefore, policy should target divisions with low immunization coverage with an innovative 

immunization approach that addressing both supply and demand side barriers. For instance, households 

which are located away from or have difficulty in accessing immunization services, especially in hilly areas 

might benefit from outreach or mobile immunization strategies. Furthermore, the use of mobile phones may 

be important vehicles for tracking and improving immunization coverage in these rural, hard to reach areas 

of Bangladesh.41

Strengths and limitations

The study has several limitations. The study was based on secondary data and immunization cards and 

mother’s report as a source of information for their child’s immunization status. Therefore, the potential of 

recall bias in our results cannot be ignored. Nonetheless, the mother’s report is considered to be a valid 

measure of coverage in the absence of a health card, especially in developing countries.42 The explanatory 

variables were selected based on previous studies and relied on the information available from the dataset.  

Therefore, there might be some other potential predictors that might be influenced by full immunization 

which was not captured in this study. Despite the limitations, the study results can be generalized at a country 

level because the study utilized data from the latest nationally representative household survey. Thus, our 

findings are still significant and relevant in drawing attention to the health policy makers in ensuring the 

benefit of vaccination for the betterment of child health.  

CONCLUSION

Our results identified the presence of disparities for immunization coverage across regions and by types of 

vaccines in Bangladesh.  Findings revealed that full immunization status was significantly associated with 

regional variation, the age of the children, maternal age, parental education, family size, woman autonomy 

for child healthcare, and wealth quintiles. Our study found that a large number of children from the Sylhet 

division, poor and larger family, and from lower parental education were not fully immunized. The study 

also identified that measles immunization coverage was the lowest among the eight recommended vaccines. 

Therefore, to achieve maximum success and prevent children from vaccine preventable diseases, it is 

mandatory to address the issues obstructing full vaccination. The findings of this study will serve to inform 

and support innovative approach for immunization programs, and the introduction of relevant policies, 
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including the regular monitoring and evaluation of immunization coverage particularly for low performing 

regions of Bangladesh and targeting various vaccines in order to allow the broader benefit of the 

immunization program to be achieved in all strata of society.
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Table 1. The Expanded Program on Immunizations (EPI) schedule in Bangladesh

Diseases Name of vaccine Recommended age
Childhood tuberculosis (TB)/poliomyelitis BCG At birth/0 day

Pentavalent 1 42 days
Pentavalent 2 70 daysDiphtheria/tetanus/pertussis/ Hepatitis 

B/Hib pneumonia and meningitis
Pentavalent 3 98 days

OPV 1 42 days
OPV 2 70 daysPoliomyelitis
OPV 3 98 days

Measles Measles 273 days
Hib: Haemophilus influenzae type B, BCG: Bacille Calmette Guerin; OPV: Oral Polio Vaccine

Table 2:  Baseline characteristics of study participants and their immunization coverage in Bangladesh, 
2014, (n=6,230)

Characteristics of Sample Frequency (%) Fully immunized
% (95% CI)

Immunization status
Partially/Unimmunized 874 (14.03)
Fully immunized 5,356 (85.97)
Area of residence
 Urban 1,577 (25.32) 88.50 (86.83, 89.98)
 Rural 4,653 (74.68) 85.11 (84.06, 86.10)
Division
 Rajshahi 642 (10.30) 86.16 (83.26, 88.62)
 Barisal 352 (5.65) 84.89 (80.75, 88.27)
 Chittagong 1,336 (21.45) 85.38 (83.38, 87.18)
 Dhaka 2,187 (35.11) 88.81 (87.42, 90.07)
 Khulna 468 (7.51) 89.01 (85.84, 91.55)
 Rangpur 624 (10.01) 91.48 (89.01, 93.43)
 Sylhet 622 (9.98) 69.81 (66.08, 73.30)
Sex
 Male 3,236 (51.94) 85.57 (84.31, 86.73)
 Female 2,994 (48.06) 86.40 (85.13, 87.58)
Age category (in months)
 12 - 23 1,630 (26.17) 83.97 (82.10, 85.67)
 24 - 35 1,560 (25.04) 86.68 (84.90, 88.28)
 36 - 47 1,529 (24.55) 86.63 (84.83, 88.24)
 48 - 59 1,510 (24.24) 86.72 (84.91, 88.34)
Birth order
1 2,346 (37.66) 88.35 (86.99, 89.59)
2 1,880 (30.18) 87.66 (86.09, 89.07)
>=3 2,003 (32.16) 81.59 (79.83, 83.22)
Mother's age
 < 20 years 690 (11.07) 86.85 (84.12, 89.18)
 20 - 34 years 5,011 (80.43) 85.97 (84.98, 86.91)
 35 years and more 529 (8.50) 84.75 (81.43, 87.57)
Family size (members)
 Small (<4) 772 (12.39) 86.35 (83.74, 88.59)
 Medium (4 - 6) 3,609 (57.93) 87.88 (86.77, 88.90)
 Large (>6) 1,849 (29.68) 82.08 (80.26, 83.76)
Mother's education
 No education 1,053 (16.91) 76.77 (74.13, 79.23)
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 Primary 1,740 (27.93) 81.17 (79.27, 82.94)
 Secondary 2,870 (46.07) 90.62 (89.50, 91.64)
 Higher 566 (9.09) 94.22 (91.97, 95.87)
Father's education
 No education 1,683 (27.02) 78.64 (76.61, 80.53)
 Primary 1,843 (29.58) 84.84 (83.13, 86.41)
 Secondary 1,857 (29.81) 90.21 (88.77, 91.48)
 Higher 847 (13.60) 93.69 (91.83, 95.14)
Mass media access
 Yes 2,546 (40.87) 90.62 (89.42, 91.69)
 No 3,684 (59.13) 82.75 (81.50, 83.94)
Wealth index
 Poorest 1,438 (23.08) 76.13 (73.85, 78.26)
 Poorer 1,160 (18.62) 85.32 (83.16, 87.24)
 Middle 1,184 (19.01) 89.07 (87.17, 90.73)
 Richer 1,260 (20.23) 88.10 (86.20, 89.78)
 Richest 1,187 (19.05) 93.16 (91.58, 94.46)
Child's healthcare decision maker
 Herself 934 (15.25) 88.08 (85.84, 90.01)
 Jointly with husband 3,577 (58.37) 87.94 (86.84, 88.97)
 Husband alone 1,249 (20.38) 79.08 (76.73, 81.25)
 By other 368 (6.00) 88.30 (84.59, 91.21)
Mother's healthcare decision maker
 Herself 764 (12.46) 89.23 (86.82, 91.24)
 Jointly with husband 3,208 (52.33) 87.91 (86.74, 88.99)
 Husband alone 1,797 (29.32) 81.78 (79.93, 83.50)
 By other 361 (5.88) 86.23 (82.27, 89.42)
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Table 3: Unadjusted and adjusted effects of factors that are associated with full immunization coverage 

Characteristics Unadjusted OR (95% CI) p-value Adjusted OR (95% CI) p-value
Area of residence
 Urban 1.35 (1.13, 1.6) 0.001 0.83 (0.68, 1.03) 0.092
 Rural 1.00  1.00
Division  
 Rajshahi 2.69 (2.03, 3.57) 0.000 1.96 (1.46, 2.64) 0.000
 Barisal 2.43 (1.73, 3.41) 0.000 1.9 (1.33, 2.71) 0.000
 Chittagong 2.53 (2.01, 3.18) 0.000 1.77 (1.39, 2.26) 0.000
 Dhaka 3.43 (2.76, 4.26) 0.000 2.59 (2.05, 3.28) 0.000
 Khulna 3.5 (2.5, 4.9) 0.000 2.33 (1.62, 3.33) 0.000
 Rangpur 4.64 (3.34, 6.45) 0.000 3.46 (2.45, 4.88) 0.000
 Sylhet 1.00  1.00
Sex  
 Male 0.93 (0.81, 1.08) 0.342 0.92 (0.79, 1.07) 0.294
 Female 1.00  1.00
Age categories (in months)  
 12 - 23 1.00  1.00
 24 - 35 1.24 (1.02, 1.51) 0.031 1.26 (1.02, 1.56) 0.033
 36 - 47 1.24 (1.01, 1.51) 0.035 1.22 (0.99, 1.52) 0.064
 48 - 59 1.25 (1.02, 1.52) 0.030 1.32 (1.06, 1.64) 0.013
Birth order  
 1 1.71 (1.45, 2.03) 0.000 1.16 (0.92, 1.46) 0.204
 2 1.6 (1.34, 1.91) 0.000 1.18 (0.96, 1.45) 0.113
 >=3 1.00  1.00
Mothers age  
 < 20 years 1.19 (0.86, 1.64) 0.295 0.75 (0.5, 1.12) 0.164
 20 - 34 years 1.1 (0.86, 1.42) 0.443 0.71 (0.53, 0.95) 0.021
 More than 35 years 1.00  1.00
Family size (members)  
 Small (<4) 1.38 (1.09, 1.75) 0.008 1.29 (0.97, 1.72) 0.074
 Medium (4 - 6) 1.58 (1.36, 1.85) 0.000 1.56 (1.32, 1.86) 0.000
 Large (>6) 1.00  1.00
Mothers education  
 No education 1.00  1.00
 Primary 1.3 (1.08, 1.57) 0.005 1.21 (0.98, 1.49) 0.076
 Secondary 2.92 (2.42, 3.54) 0.000 1.85 (1.45, 2.35) 0.000
 Higher 4.93 (3.37, 7.22) 0.000 1.96 (1.21, 3.17) 0.006
Fathers education  
 No education 1.00  1.00
 Primary 1.52 (1.28, 1.81) 0.000 1.18 (0.97, 1.43) 0.099
 Secondary 2.5 (2.07, 3.03) 0.000 1.35 (1.06, 1.71) 0.014
 Higher 4.03 (2.98, 5.44) 0.000 1.55 (1.05, 2.29) 0.026
Wealth index  
 Poorest 1.00  1.00
 Poorer 1.82 (1.49, 2.23) 0.000 1.41 (1.13, 1.75) 0.002
 Middle 2.56 (2.05, 3.18) 0.000 1.78 (1.37, 2.3) 0.000
 Richer 2.32 (1.88, 2.86) 0.000 1.38 (1.03, 1.84) 0.030
 Richest 4.27 (3.31, 5.52) 0.000 2.2 (1.5, 3.21) 0.000
Access to mass media  
 Yes 2.01 (1.72, 2.36) 0.000 1.15 (0.92, 1.43) 0.214
 No 1.00  1.00
Mothers healthcare decision 
maker  
 Herself 1.00  1.00
 Jointly with husband 0.88 (0.68, 1.13) 0.312 0.89 (0.66, 1.2) 0.431

Page 17 of 22

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

18

 Husband alone 0.54 (0.42, 0.7) 0.000 0.77 (0.57, 1.06) 0.107
 By other 0.76 (0.52, 1.1) 0.146 0.67 (0.42, 1.08) 0.098
Child healthcare decision 
maker  
 Herself 1.00  1.00
 Jointly with husband 0.99 (0.79, 1.23) 0.910 1.06 (0.82, 1.39) 0.641
 Husband alone 0.51 (0.4, 0.65) 0.000 0.69 (0.51, 0.92) 0.012
 By other 1.02 (0.7, 1.49) 0.912 1.3 (0.81, 2.07) 0.277
Mean VIF 3.07
LR chi2 438.82
Prob > chi2 0.000
Pseudo R2 0.089
linear predicted value (_hat) 0.000
linear predicted value squared (_hatsq)  0.885  
HL chi2(8) 7.88
Prob > chi2 0.4452
Abbreviations: OR, odds ratios; CI, confidence interval; LR, likelihood ratio; VIF, variance inflation factor; HL, Hosmer-
Lemeshow

Figure 1: Coverage rate by individual vaccines (BCG, PCV, OPV, and MR) across administrative divisions 
in Bangladesh

Figure 2: Coverage rate by individual vaccines across place of residence of respondents (urban vs. rural) in 
Bangladesh
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Abstract

Objective To estimate the coverage and factors associated with full immunization coverage among 

children aged 12 to 59 months in Bangladesh.

Study design The study is cross-sectional in design. Secondary dataset from Bangladesh Demographic and 

Health Survey (BDHS) was used for this analysis. Immunization status was categorized as ‘fully 

immunized’ if the children had received all the eight recommended vaccine doses otherwise 

‘partially/unimmunized’.

Settings Bangladesh.

Participant Children aged 12 to 59 months were the study participants. Participants were randomly 

selected through a two-stage stratified sampling design. A total of 6,230 children were eligible for the 

analysis.

Results About 86% of the children (5,356 out of 6,230) were fully immunized. Bacille Calmette Guerin 

(BCG) has the highest coverage rate (97.1%) followed by Oral Polio Vaccine (OPV) 1 (97%) and 

Pentavalent 1 (96.6%), where the coverage rate was lowest for measles vaccine (88%). Coverage was 

higher in urban areas (88.5%) when compared to rural ones (85.1%). Full immunization coverage was 

significantly higher among children who lived in the Rangpur division (AOR=3.46; CI: 2.45-4.88, 

p<0.001), were 48 to 59 months old (AOR=1.32; CI:1.06-1.64, p=0.013), lived in a medium size family 

(AOR=1.56; CI:1.32-1.86, p<0.001), had parents with a higher level of education (AOR=1.96; CI:1.21-

3.17, p=0.006 and AOR=1.55; CI:1.05-2.29, p=0.026) and belonged to the richest families (AOR=2.2; 

CI:1.5-3.21, p<0.001). The likelihood of being partially or unimmunized was higher among children who 

had the father as their sole healthcare decision maker (AOR=0.69; CI: 0.51-0.92, p<0.012).

Conclusions There were significant variations of child immunization coverage across socio-economic and 

demographic factors. These findings will inform innovative approaches for immunization programs, and 

the introduction of relevant policies, including regular monitoring and evaluation of immunization 

coverage - particularly for low performing regions, so that the broader benefit of immunization programs 

can be achieved in all strata of the society.

Strengths and limitations of this study

 Our study did a pioneer investigation of  full immunization coverage across various regions in 

Bangladesh using the latest nationwide  demography and health survey dataset

 Multivariable logistic regression models were constructed to assess the potential factors associated 

with full immunization coverage 

 The study results can be generalized at the country level because of its large sample size and using 

the latest nationally representative demographic and health survey data of Bangladesh

 Due to the nature of the study, the possibility of recall bias with our results cannot be ignored.
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BACKGROUND

Universal immunization program of children against vaccine-preventable diseases (VPD) has been 

recognized as one of the most cost-effective programs to diminish childhood mortalities and morbidities 

across the world.1,2 Every year, vaccination against VPDs prevents debilitating illness and disability, 

saving millions of young lives globally.3 Over the decades, remarkable improvements have been made 

toward the development of national immunization programs, with the Expanded Program on Immunization 

(EPI) being a major contribution to this success.4 EPI was formally established in 1974, with the support of 

World Health Organization (WHO), with the goal of immunizing every child against six vaccine-

preventable diseases (i.e., diphtheria, pertussis, tetanus, poliomyelitis, measles, and tuberculosis) by 1990.5 

The utmost priority was given to developing countries because of the higher prevalence and inadequate 

service delivery for immunization within these settings.4 The government of Bangladesh had initiated the 

EPI with the support of UNICEF and WHO through various outreach activities from 1979, with the overall 

objective to immunize all children by 1990 to prevent the VPDs and to eradicate poliomyelitis.5,6 Later, in 

1995, National Immunization Day (NID) was initiated by EPI to sustain the polio-free status and also to 

increase the immunization coverage that was achieved through different operational activities.6,7 The 

implementation of the EPI has already been shown to be a great success globally. This can be seen through 

the significant improvement in child immunization coverage and the eradication of poliomyelitis.8 In the 

line of success, Bangladesh has experienced impressive improvements in increasing immunization 

coverage and a significant contribution to the reduction of childhood morbidity, mortality and also 

maintaining its polio-free status.9,10 Despite the success in reducing the child mortality rate by two-thirds 

since 1990, Bangladesh recorded 0.1 million child deaths in 201611 and was among the top 10 countries 

that had the highest childhood mortality globally.12 A recent study revealed that almost half of these deaths 

could be prevented through immunization alone.3,13 Therefore, a greater focus on completion of all 

recommended EPI vaccines are needed to further achieve gains in decreasing childhood morbidities and 

mortalities.7 Unquestionably, improving the utilization of routine immunization services, and easy access 

to all vaccines is the best option to improve the immunization coverage. 

Although a number of studies have reported findings on child immunization, few of them have generated 

evidence about the socio-demographic factors associated with full vaccination among children aged 12 to 

59 months.14–16 Furthermore, available studies have either focused on specified geographical settings, age 

groups or ethnic groups rather than the nationwide setting and have not identified the determinants of 

individual vaccines separately.15–22 This study thus sought to capture the full immunization status using the 

latest country representative Demographic and Health Survey (DHS) dataset. The DHS provides reliable 

information on individual-level immunization coverage, as well as a range of factors that might influence 

immunization practices. As such, the objective of this study was to estimate the extent of full 
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immunization coverage and to investigate the determinants of full immunization using the nationally 

representative data of Bangladesh. Analysis of a nationally representative dataset would thus allow for a 

generation of the current evidence of vaccination practices that could be useful for international 

comparison and will help in implementing the relevant immunization policies and priorities for the 

betterment of the child’s health against vaccine-preventable diseases in Bangladesh. 

METHODS

Study design and population

This study was based on a secondary analysis of the latest Bangladesh Demographic and Health Survey 

(DHS) 2014 dataset. The DHS is a nationally representative cross-sectional survey, which uses a two-stage 

stratified sampling design to cover the target population of the entire country. This survey used the 

sampling frame provided by the Bangladesh Bureau of Statistics. This survey was carried out for 6 months, 

from June 2014 to November 2014. The BDHS-2014 used three types of questionnaires: household 

questionnaire, woman’s questionnaire, and community questionnaire. Through the women’s questionnaire, 

up-to-date information on socio-demographic, maternal, and child health indications including individual-

level vaccination coverage were collected. Participants of this study were children aged between 1 to 5 

years. Childhood immunization history was collected for all surviving children over the last five years. 

Immunization data were collected mainly from the records on vaccine cards; if vaccine card was not 

available, mothers were asked to recall about the vaccination history of the respective child. Face-to-face 

interviews were conducted with reproductive-aged women (15-49 years) were conducted for the collection 

of data using the structured questionnaire.23 Details about sampling technique, survey design, and quality 

control have been described elsewhere.24 All the DHS data was publicly accessible and were made 

available upon request by the MEASURE DHS. Furthermore, approval was sought from and given by the 

MEASURE DHS program office in the use of this data set for this specific study. According to the DHS, 

written informed consent was obtained from all participants prior to the interviews.

Outcome variable

The outcome variable of the analysis was the children’s immunization status and categorized as fully 

immunized and partially/unimmunized. Vaccination status was categorized as ‘fully immunized’ if the 

children had received doses of all the eight recommended vaccines; one dose of the vaccine against 

tuberculosis (BCG), three doses of pentavalent (DPT, Hib, and HepB), three doses of polio vaccine (OPV), 

and one dose of measles vaccines.24 Children aged 12 to 59 months of age were included in this analysis to 

capture the vaccination status of the children. Children younger than 12 months of age were excluded as 

they were not old enough to receive the full schedule of the routine vaccines. The WHO recommended 

vaccination schedule for Bangladesh 25 is presented in table 1. Immunization histories for all vaccines were 
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coded as dummy responses, with 1 for fully immunized and 0 otherwise. In a small number of cases, the 

immunization cards were not available, and mothers responded with “don’t know” while asked about their 

children’s vaccination status on certain vaccines. In that cases, the vaccination status of children was 

considered as “not fully immunized” since such responses reflect a negative response regarding 

immunization.15

Explanatory variables

Explanatory variables were selected based on the published literature, prior knowledge, and availability of 

variables in the BDHS 2014 dataset. Area of residence, administrative division, sex and age of children, 

birth order, family size, parental education, mass media exposure, household wealth index and the 

mother’s decision-making ability for both the children and their own healthcare matters were included as 

explanatory variables. In this analysis, the categorization of continuous variables was done in light of 

previous literature where the child’s age was categorized into four groups at twelve-month intervals, and 

maternal age was categorized into three groups (less than 20 years, 20-34 years and more than 34 years). 

Self-reported parental (both mother and father) educational attainment was used and categorized as “no 

education,” “primary,” “secondary,” and “higher.” No education refers to there not having any formal 

education, with primary was defined as completing grade 5, secondary as completing grade 10, and higher 

was defined as attaining more than grade 10. Family size was determined by the number of family 

members who lived together in a household, and defined by the BDHS. Family size was categorized on the 

basis of other published literature and categorized as “small”, “medium” and “large”. A “Small” family 

size refers to the family consisting of less than 4 members, “medium” as 4 to 6 members and “large” if the 

family member exceeds 6 members. Mass media access was categorized as “Yes” if the family had access 

to televisions and radios and “No” otherwise. We utilized the predetermined wealth index category 

provided in the dataset generated from selected household assets using principal component analysis 

(PCA) and classified it into five groups, namely: “poorest,” “poorer,” “middle,” “rich,” and “richest.” 

Moreover, both the decision-making ability of the mothers for both their children and personal healthcare 

were categorized into four groups as “herself,” “jointly with husband,” “husband alone” and “other.” 

Statistical analysis

The original dataset comprised of 8,092 children, aged 0 to 59 months of age. In the case of our analysis, 

1,555 children were excluded as they were under the age of 12 months. Moreover, 307 cases of missing 

data were present, and these were cases where no information was provided (no responses, neither “yes”, 

“no” nor “don’t know”) on vaccination information, and thus also excluded from the analysis. Finally, a 

total of 6,230 children were eligible and included in the analysis. A proper sampling weight was used in 

this analysis to make the sample more representative of the population at the national level. Descriptive 
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statistics, such as frequency with percentages were executed to represent the background characteristics of 

study participants, and a proportion with 95% confidence interval (CI) was used for presenting the 

coverage rate of fully vaccinated children. The association between each independent variable and the full 

vaccination uptake was investigated using a univariate analysis. Multivariable logistic regression that 

adjusted for all the selected independent variables was also constructed to determine the significant 

influencing factors for fully vaccination and results were presented in terms of adjusted odds ratio(s) 

(AOR) with a 95% confidence intervals (CI). Before the execution of a multivariate regression model, a 

bivariate analysis was conducted to trace out the significant factors for full immunization. Variables 

significant at p value ≤0.05 were included in the multivariate logistic regression analysis. Variance 

Inflation Factor (VIF) was calculated to detect any multicollinearity in the model. The low value of 

average VIF (3.07) confirms no notable multicollinearity among variables. Linktest command through 

Stata/SE 13.0 indicated that the constructed model was well specified where the Hosmer-Lemeshow test 

statistics of goodness-of-fit indicates the acceptance of the model. Data cleaning, validation, and all 

statistical analyses were performed using Stata /SE 13.0 (Stata Corporation, College Station, TX, USA).

Patient and public involvement

No patients were involved in developing the research question, outcome measure, and design of the study. 

We are unable to disseminate the results of the research directly to study participants

RESULTS

Descriptive statistics

Distribution of study participants across the socio-demographic variables is presented in table 2. The 

proportion of full vaccination was 86% (5,356 out of 6,230 children). Among the participants, 74.7% were 

from rural areas and 35.1% were from the Dhaka division. Participants were almost equally distributed by 

sex and age categories. Among the participants, 37.7% was the first-born child, and most of the children’s 

families (57.9%) consisted of 4 to 6 members. Majority of the mothers (80.4%) were aged between 20 to 

34 years.  46.1% of the mothers and 29.8% of fathers had secondary level education. Less than half of the 

mothers (40.9%) had access to mass media, e.g., radio and television. In addition, a majority of the 

mothers reported that they had the capacity for decision-making with regards to both their own as well as 

their children’s healthcare. 

Vaccination coverage rate among study participants

Full immunization coverage rate of study participants is also presented in table 2. Findings revealed that 

full immunization coverage was slightly higher in urban areas (88.5%) as compared to rural areas (85.1%) 

Page 6 of 22

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

7

and was found to be the highest in the Rangpur division (91.5%) followed by Khulna (89%), Dhaka 

(88.8%) and the lowest in Sylhet division (69.8%). The immunization coverage across individual vaccines 

are shown in Figure 1. Full immunization coverage was similar across sex and age categories of the 

children. However, first born child had slightly higher vaccine coverage rates (88.4%) than the other 

(87.7% for second and 81.6% for third or more birth order). 

Full immunization coverage was highest among the children whose parents had higher educational 

attainment (94.2% and 93.7% for higher educated mother and father, respectively). Vaccine coverage rate 

was also higher among the children of mothers who have access to mass media. Full vaccination coverage 

was found to increase in accordance with a higher economic status of the children’s family (73.9% for the 

poorest to 93.2% for the richest quintile). Full immunization coverage rate was higher among the children 

whose mother had her own healthcare decision-making ability, including that of her children’s healthcare. 

The overall coverage rate of BCG vaccine was the highest (97.1%) followed by OPV-1 (97%), 

Pentavalent-1 (96.6%), OPV-2 (95.8%) and Pentavalent-2 (95.4%) where the coverage of measles was the 

lowest (88%) (Figure 2). Furthermore, the coverage of each vaccine by urban and rural areas is also 

presented in the following figure 2.

Factors associated with full immunization coverage

Table 3 shows factors associated with the full-immunization coverage among children aged 12 to 59 

months in terms of both unadjusted and adjusted odds ratios. The analysis shows that several socio-

demographic factors, like administrative divisions, age of children, family size, parental education, wealth 

index, and child healthcare decision makers were associated with the full-immunization status in both 

models. From the univariate analysis, we found that area of residence, childbirth order, access to mass 

media and mothers’ healthcare decision maker were significant factors for fully-immunization. Urban 

children were significantly 1.35 times more likely to be fully-vaccinated than rural ones (CI: 1.13-1.60; 

p=0.001), and the 1st born child was 1.71 times more likely to be fully-vaccinated than the child of third or 

more birth order (CI: 1.45-2.03; p<0.001). We also observed that mothers of the children who had access 

to the mass media had higher odds than their counterparts (OR= 2.01; CI: 1.72-2.36; p< 0.001). Similarly, 

parental education and wealth status played a significant role for full immunization coverage among 

children. Findings revealed that children of higher educated mother were significantly 4.93 times (CI: 

3.37-7.22, p<0.001) and children of higher educated father were 4.03 times (CI: 2.98-5.44, p<0.001) more 

likely to be fully immunized than children of uneducated mothers and fathers. Findings also revealed that 

children from the richest households were significantly 4.27 times (CI: 3.31-5.52, p<0.001) more likely to 

be fully immunized than the poorest. 
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In the adjusted model, the likelihood of being fully vaccinated was significantly lower in the Sylhet 

division than all other regions. We found that the number of full immunized children was significantly 

higher in Rangpur division (AOR: 3.46; CI: 2.45-4.88; p< 0.001) followed by the children from Dhaka 

(AOR: 2.59; CI: 2.05-3.28; p< 0.001), Khulna (AOR: 2.33; CI: 1.62-3.33; p< 0.001) and Rajshahi (AOR: 

1.96; CI: 1.46-2.64; p< 0.001) division. The odds of full immunization differed across age groups of the 

children. For instance, children aged 48 to 59 months had the highest odds of being fully vaccinated 

(AOR=1.32; CI: 1.06 – 1.64; p=0.013) compared to children aged 12 to 23 months. Family size was also 

appeared to be a significant factor for full immunization as medium households (4 to 6 members) often 

fully immunized more than their counterpart (AOR=1.56; CI: 1.32–1.86, p<0.001). The findings also 

revealed that parental education was significantly associated with full-immunization. It was observed that 

the odds of being full immunization were increased as the educational attainment of parents increased; and 

that children from higher educated mother (AOR=1.96; CI: 1.21 – 3.17; p=0.006) and higher educated 

father (AOR=1.55; CI: 1.05 – 2.29; p=0.026) were more likely to be full vaccinated compared to those 

with uneducated parents.  Children from the richest households had the highest odds of being fully 

immunized (AOR= 2.20; CI: 1.50 – 3.21; p<0.001) followed by the middle wealth quintile (AOR= 1.78; 

CI: 1.37–2.30; p<0.001). The lowest odds were found among the children whose health care decision was 

made solely by their father (AOR=0.69; CI: 0.51 – 0.92; p=0.012) compared to children with healthcare 

decisions that were made by the mothers. 

DISCUSSION

The present study examined the extent of full immunization coverage and determinants of full-

immunization status. We found that the overall full immunization coverage is impressive (86%) within 

South East Asia Region.26 The underlying success is due to the nature of a pluralistic health system of 

Bangladesh, where the public, private sector, and non-governmental organizations actively participate to 

deliver healthcare services. In addition, the introduction of systematic outreach approaches helped to 

increase accessibility to routine immunization where community health workers are directly involved in 

delivering vaccines.27 Further, community mobilization and public awareness related programs have also 

played a significant role in generating demand for vaccine uptake.28 

Despite the success, full immunization coverage varies across the country. For instance, the full 

immunization coverage is highest in Rangpur while lowest coverage is observed in the Sylhet region. Our 

study showed that various factors, such as parental education particularly mothers’ education, age of the 

children, family size, regional variation, and wealth quintiles played a significant role for full 

immunization coverage. The importance of parental education in improving child’s health is universally 

recognized. Similar to earlier studies on childhood vaccination, we found that parental education appeared 
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to be a significant factor for childhood immunization.15,29 This is due to their better knowledge and 

understanding  of the recommended immunization schedules than non-educated parents.30 Furthermore, 

educated parents are likely to be wealthier and have better access to health facilities and immunization 

services.29 Like other studies in various settings, we observed that children of educated mothers were often 

fully immunized when compared to non-educated mothers.15,29,31 It is well established that there is a 

positive relationship between level of education and public health awareness. Therefore, community-based 

behaviour changes programs, such as immunization announcement through radio, television and using 

local drama and public announcement through miking (loud speaker), should be approached to target 

uneducated mothers in order to provide a better understanding of the beneficial role of immunization so 

that they are encouraged to vaccinate their children in a timely fashion. 

We observed that full immunization coverage was higher among elder children (e.g., 48 to 59 months of 

age) compared to the younger children (e.g., 12 to 23 months of age). Policy makers should provide more 

focus on continuous monitoring and promotional activities to increase the number of full immunization 

coverage of all strata.15 Again, the size of the family appeared to be a significant factor of fully immunized 

children. Those who belonged to larger family size were more likely to be unimmunized. This is similar to 

the findings in other earlier studies conducted in Indonesia, Greece, and Angola, where it was also reported 

that children form larger family size were less likely to be fully immunized.15,32,33 This might also reflect 

the socioeconomic status of the households as larger families consume more resources, which is 

troublesome for resource-poor families and would thus impact on their livelihoods. Therefore, policies 

should focus on awareness development, especially in targeting the larger family to increase the full 

immunization coverage. Wealth status of the household plays a significant role in the immunizing of their 

children. Our results are similar to many earlier studies which have shown that there is a significant 

positive relationship between wealth index and childhood immunization completion rates; the chance of 

having fully immunized children increases in accordance with the wealth index of household.15,29,31 While 

the immunization services in Bangladesh are completely free of charge, the indirect cost of vaccination, 

such as income loss and transportation cost might be associated with the low demand for vaccination 

specially for poorest households.34,35 Children from urban areas have been reported to have better 

immunization status compared to their rural counterparts. This result confirmed previous findings where 

similar association was also reported.15,36 This is due to better health services available in urban areas 

compared to the rural.37

Our study observed that child healthcare decision making by mothers also contributed, playing a 

significant role in full immunization coverage, with the child more likely to be fully immunized if the 

mother was the decision maker. This might be due to more awareness of the mothers for their child’s 

health than the fathers. Therefore, the mothers’ autonomy is essential for their child’s immunization. 
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However, an earlier study showed that if the parents jointly decided on healthcare decision, their children 

were often fully immunized.15 Thus, there is a need to disseminate information about women autonomy in 

making health care decisions about their children to increase full immunization coverage. Based on the 

findings, community-based behaviour change program that target parents might be helpful for developing 

awareness for their childhood immunization. Like many low and middle-income countries, we also 

observed that geographical disparities may contribute to the full immunization coverage in 

Bangladesh.15,38-40 Our study found that children who lived in Sylhet region were more often unimmunized 

when compared with other parts of the country. This is may be due to various supply side and demand side 

factors, such as the distance of  health facilities and vaccination centres, fragile communication systems in 

some remote areas, a fear of the side effects of vaccines, religious conservatism, a low level of literacy, 

and even lack of awareness about the benefit of vaccination for their children.40 Therefore, policy should 

target divisions with low immunization coverage with an innovative immunization approach that 

addressing both supply and demand side barriers. For instance, households which are located away from or 

have difficulty in accessing immunization services, especially in hilly areas might benefit from outreach 

program or mobile immunization strategies. Furthermore, the use of mobile phones may be important 

vehicles for tracking and improving immunization coverage in these rural, hard to reach areas of 

Bangladesh.41

Strengths and limitations

The study has several limitations. The study was based on secondary data where immunization cards and 

mother’s report was considered as the source of information for their child’s immunization status. 

Therefore, the potential of recall bias in our results cannot be ignored. Nonetheless, the mother’s report is 

considered to be a valid measure of coverage in the absence of a health card, especially in developing 

countries.42 The explanatory variables were selected based on previous studies and relied on the 

information available from the dataset.  Therefore, there might be some other potential predictors that 

might be influenced by full immunization which were not captured in this study. Despite the limitations, 

the study results can be generalized at a country level because the study utilized data from the latest 

nationally representative household survey. Thus, our findings are still significant and relevant in drawing 

attention to the health policy makers in ensuring the benefit of vaccination for the betterment of child 

health.  

CONCLUSION

Our results identified the presence of disparities for full immunization coverage across regions and by 

types of vaccines in Bangladesh. Findings revealed that full immunization status was significantly 

associated with regional variation, the age of the children, maternal age, parental education, family size, 
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woman autonomy for child healthcare, and wealth quintiles. Our study found that a large number of 

children from the Sylhet division, poor and larger family, and from lower parental education were not fully 

immunized. The study also identified that measles immunization coverage was the lowest among the eight 

recommended vaccines. Therefore, to achieve maximum success and prevent children from vaccine 

preventable diseases, it is mandatory to address the issues obstructing full vaccination. The findings of this 

study will serve to inform and support innovative approach for immunization programs, and the 

introduction of relevant policies, including the regular monitoring and evaluation of immunization 

coverage particularly for low performing regions of Bangladesh and targeting various vaccines in order to 

allow the broader benefit of the immunization program to be achieved in all strata of society.
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Table 1. The Expanded Program on Immunizations (EPI) schedule in Bangladesh

Diseases Name of vaccine Recommended age
Childhood tuberculosis (TB) BCG At birth/0 day

Pentavalent 1 42 days
Pentavalent 2 70 daysDiphtheria/tetanus/pertussis/ Hepatitis 

B/Hib pneumonia and meningitis
Pentavalent 3 98 days

OPV 1 42 days
OPV 2 70 daysPoliomyelitis
OPV 3 98 days

Measles Measles 273 days
Hib: Haemophilus influenzae type B, BCG: Bacille Calmette Guerin; OPV: Oral Polio Vaccine

Table 2:  Baseline characteristics of study participants and their immunization coverage in Bangladesh, 
2014, (n=6,230)

Characteristics of Sample Frequency (%) Fully immunized
% (95% CI)

Immunization status
Partially/Unimmunized 874 (14.03)
Fully immunized 5,356 (85.97)
Area of residence
 Urban 1,577 (25.32) 88.50 (86.83, 89.98)
 Rural 4,653 (74.68) 85.11 (84.06, 86.10)
Division
 Rajshahi 642 (10.30) 86.16 (83.26, 88.62)
 Barisal 352 (5.65) 84.89 (80.75, 88.27)
 Chittagong 1,336 (21.45) 85.38 (83.38, 87.18)
 Dhaka 2,187 (35.11) 88.81 (87.42, 90.07)
 Khulna 468 (7.51) 89.01 (85.84, 91.55)
 Rangpur 624 (10.01) 91.48 (89.01, 93.43)
 Sylhet 622 (9.98) 69.81 (66.08, 73.30)
Sex
 Male 3,236 (51.94) 85.57 (84.31, 86.73)
 Female 2,994 (48.06) 86.40 (85.13, 87.58)
Age category (in months)
 12 – 23 1,630 (26.17) 83.97 (82.10, 85.67)
 24 – 35 1,560 (25.04) 86.68 (84.90, 88.28)
 36 – 47 1,529 (24.55) 86.63 (84.83, 88.24)
 48 – 59 1,510 (24.24) 86.72 (84.91, 88.34)
Birth order
1 2,346 (37.66) 88.35 (86.99, 89.59)
2 1,880 (30.18) 87.66 (86.09, 89.07)
>=3 2,003 (32.16) 81.59 (79.83, 83.22)
Mother's age
 < 20 years 690 (11.07) 86.85 (84.12, 89.18)
 20 - 34 years 5,011 (80.43) 85.97 (84.98, 86.91)
 35 years and more 529 (8.50) 84.75 (81.43, 87.57)
Family size (members)
 Small (<4) 772 (12.39) 86.35 (83.74, 88.59)
 Medium (4 - 6) 3,609 (57.93) 87.88 (86.77, 88.90)
 Large (>6) 1,849 (29.68) 82.08 (80.26, 83.76)
Mother's education
 No education 1,053 (16.91) 76.77 (74.13, 79.23)
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 Primary 1,740 (27.93) 81.17 (79.27, 82.94)
 Secondary 2,870 (46.07) 90.62 (89.50, 91.64)
 Higher 566 (9.09) 94.22 (91.97, 95.87)
Father's education
 No education 1,683 (27.02) 78.64 (76.61, 80.53)
 Primary 1,843 (29.58) 84.84 (83.13, 86.41)
 Secondary 1,857 (29.81) 90.21 (88.77, 91.48)
 Higher 847 (13.60) 93.69 (91.83, 95.14)
Mass media access
 Yes 2,546 (40.87) 90.62 (89.42, 91.69)
 No 3,684 (59.13) 82.75 (81.50, 83.94)
Wealth index
 Poorest 1,438 (23.08) 76.13 (73.85, 78.26)
 Poorer 1,160 (18.62) 85.32 (83.16, 87.24)
 Middle 1,184 (19.01) 89.07 (87.17, 90.73)
 Richer 1,260 (20.23) 88.10 (86.20, 89.78)
 Richest 1,187 (19.05) 93.16 (91.58, 94.46)
Child's healthcare decision maker
 Herself 934 (15.25) 88.08 (85.84, 90.01)
 Jointly with husband 3,577 (58.37) 87.94 (86.84, 88.97)
 Husband alone 1,249 (20.38) 79.08 (76.73, 81.25)
 By other 368 (6.00) 88.30 (84.59, 91.21)
Mother's healthcare decision maker
 Herself 764 (12.46) 89.23 (86.82, 91.24)
 Jointly with husband 3,208 (52.33) 87.91 (86.74, 88.99)
 Husband alone 1,797 (29.32) 81.78 (79.93, 83.50)
 By other 361 (5.88) 86.23 (82.27, 89.42)
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Table 3: Unadjusted and adjusted effects of factors that are associated with full immunization coverage 

Characteristics Unadjusted OR (95% CI) p-value Adjusted OR (95% CI) p-value
Area of residence
 Urban 1.35 (1.13, 1.6) 0.001 0.83 (0.68, 1.03) 0.092
 Rural 1.00 1.00
Division
 Rajshahi 2.69 (2.03, 3.57) <0.001 1.96 (1.46, 2.64) <0.001
 Barisal 2.43 (1.73, 3.41) <0.001 1.9 (1.33, 2.71) <0.001
 Chittagong 2.53 (2.01, 3.18) <0.001 1.77 (1.39, 2.26) <0.001
 Dhaka 3.43 (2.76, 4.26) <0.001 2.59 (2.05, 3.28) <0.001
 Khulna 3.5 (2.5, 4.9) <0.001 2.33 (1.62, 3.33) <0.001
 Rangpur 4.64 (3.34, 6.45) <0.001 3.46 (2.45, 4.88) <0.001
 Sylhet 1.00 1.00
Sex
 Male 0.93 (0.81, 1.08) 0.342 0.92 (0.79, 1.07) 0.294
 Female 1.00 1.00
Age categories (in months)
 12 - 23 1.00 1.00
 24 – 35 1.24 (1.02, 1.51) 0.031 1.26 (1.02, 1.56) 0.033
 36 – 47 1.24 (1.01, 1.51) 0.035 1.22 (0.99, 1.52) 0.064
 48 – 59 1.25 (1.02, 1.52) 0.030 1.32 (1.06, 1.64) 0.013
Birth order
 1 1.71 (1.45, 2.03) <0.001 1.16 (0.92, 1.46) 0.204
 2 1.6 (1.34, 1.91) <0.001 1.18 (0.96, 1.45) 0.113
 >=3 1.00 1.00
Mothers age
 < 20 years 1.19 (0.86, 1.64) 0.295 0.75 (0.5, 1.12) 0.164
 20 - 34 years 1.1 (0.86, 1.42) 0.443 0.71 (0.53, 0.95) 0.021
 More than 35 years 1.00 1.00
Family size (members)
 Small (<4) 1.38 (1.09, 1.75) 0.008 1.29 (0.97, 1.72) 0.074
 Medium (4 - 6) 1.58 (1.36, 1.85) <0.001 1.56 (1.32, 1.86) <0.001
 Large (>6) 1.00 1.00
Mothers education
 No education 1.00 1.00
 Primary 1.3 (1.08, 1.57) 0.005 1.21 (0.98, 1.49) 0.076
 Secondary 2.92 (2.42, 3.54) <0.001 1.85 (1.45, 2.35) <0.001
 Higher 4.93 (3.37, 7.22) <0.001 1.96 (1.21, 3.17) 0.006
Fathers education
 No education 1.00 1.00
 Primary 1.52 (1.28, 1.81) <0.001 1.18 (0.97, 1.43) 0.099
 Secondary 2.5 (2.07, 3.03) <0.001 1.35 (1.06, 1.71) 0.014
 Higher 4.03 (2.98, 5.44) <0.001 1.55 (1.05, 2.29) 0.026
Wealth index
 Poorest 1.00 1.00
 Poorer 1.82 (1.49, 2.23) <0.001 1.41 (1.13, 1.75) 0.002
 Middle 2.56 (2.05, 3.18) <0.001 1.78 (1.37, 2.3) <0.001
 Richer 2.32 (1.88, 2.86) <0.001 1.38 (1.03, 1.84) 0.030
 Richest 4.27 (3.31, 5.52) <0.001 2.2 (1.5, 3.21) <0.001
Access to mass media
 Yes 2.01 (1.72, 2.36) <0.001 1.15 (0.92, 1.43) 0.214
 No 1.00 1.00
Mothers healthcare decision 
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maker
 Herself 1.00 1.00
 Jointly with husband 0.88 (0.68, 1.13) 0.312 0.89 (0.66, 1.2) 0.431
 Husband alone 0.54 (0.42, 0.7) <0.001 0.77 (0.57, 1.06) 0.107
 By other 0.76 (0.52, 1.1) 0.146 0.67 (0.42, 1.08) 0.098
Child healthcare decision 
maker
 Herself 1.00 1.00
 Jointly with husband 0.99 (0.79, 1.23) 0.910 1.06 (0.82, 1.39) 0.641
 Husband alone 0.51 (0.4, 0.65) <0.001 0.69 (0.51, 0.92) 0.012
 By other 1.02 (0.7, 1.49) 0.912 1.3 (0.81, 2.07) 0.277
Mean VIF 3.07
LR chi2 438.82
Prob > chi2 <0.001
Pseudo R2 0.089
linear predicted value (_hat) <0.001
linear predicted value squared (_hatsq) 0.885
HL chi2(8) 7.88
Prob > chi2 0.4452
Abbreviations: OR, odds ratios; CI, confidence interval; LR, likelihood ratio; VIF, variance inflation factor; HL, Hosmer-Lemeshow

Figure 1: Coverage rate by individual vaccines (BCG, Pentavalent, OPV, and Measles) across 
administrative divisions in Bangladesh (map obtained from open access source and edited according to 
study findings)

Figure 2: Coverage rate by individual vaccines across place of residence of respondents (urban vs. rural) in 
Bangladesh
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Section/Topic Item 
# Recommendation Reported on page #

(a) Indicate the study’s design with a commonly used term in the title or the abstract 2Title and abstract 1

(b) Provide in the abstract an informative and balanced summary of what was done and what was found 2

Introduction
Background/rationale 2 Explain the scientific background and rationale for the investigation being reported 3

Objectives 3 State specific objectives, including any prespecified hypotheses 3,4

Methods
Study design 4 Present key elements of study design early in the paper 4
Setting 5 Describe the setting, locations, and relevant dates, including periods of recruitment, exposure, follow-up, and data 

collection
4

Participants 6 (a) Give the eligibility criteria, and the sources and methods of selection of participants 4

Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and effect modifiers. Give diagnostic criteria, if 
applicable

4,5

Data sources/ 
measurement

8*  For each variable of interest, give sources of data and details of methods of assessment (measurement). Describe 
comparability of assessment methods if there is more than one group

5

Bias 9 Describe any efforts to address potential sources of bias 5
Study size 10 Explain how the study size was arrived at 4,5
Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If applicable, describe which groupings were chosen and 

why
5

Statistical methods 12 (a) Describe all statistical methods, including those used to control for confounding 5,6

(b) Describe any methods used to examine subgroups and interactions N/A

(c) Explain how missing data were addressed N/A
(d) If applicable, describe analytical methods taking account of sampling strategy N/A
(e) Describe any sensitivity analyses N/A

Results
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Participants 13* (a) Report numbers of individuals at each stage of study—eg numbers potentially eligible, examined for eligibility, 
confirmed eligible, included in the study, completing follow-up, and analysed

6

(b) Give reasons for non-participation at each stage N/A
(c) Consider use of a flow diagram N/A

Descriptive data 14* (a) Give characteristics of study participants (eg demographic, clinical, social) and information on exposures and potential 
confounders

6

(b) Indicate number of participants with missing data for each variable of interest 5
Outcome data 15* Report numbers of outcome events or summary measures 6,7
Main results 16 (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their precision (eg, 95% confidence 

interval). Make clear which confounders were adjusted for and why they were included
6,7

(b) Report category boundaries when continuous variables were categorized 6,7
(c) If relevant, consider translating estimates of relative risk into absolute risk for a meaningful time period N/A

Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions, and sensitivity analyses N/A

Discussion
Key results 18 Summarise key results with reference to study objectives 8,9
Limitations 19 Discuss limitations of the study, taking into account sources of potential bias or imprecision. Discuss both direction and 

magnitude of any potential bias
10

Interpretation 20 Give a cautious overall interpretation of results considering objectives, limitations, multiplicity of analyses, results from 
similar studies, and other relevant evidence

8-10

Generalisability 21 Discuss the generalisability (external validity) of the study results 10

Other information
Funding 22 Give the source of funding and the role of the funders for the present study and, if applicable, for the original study on 

which the present article is based
10

*Give information separately for cases and controls in case-control studies and, if applicable, for exposed and unexposed groups in cohort and cross-sectional studies.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and published examples of transparent reporting. The STROBE 
checklist is best used in conjunction with this article (freely available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at 
http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is available at www.strobe-statement.org.
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