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3. ABSTRACT
 

Despite the availability of effective vaccines, 1.5 million children under the age of 5 years 

die every year because of vaccine preventable diseases. Improvements in vaccine delivery 

infrastructure have resulted in relatively high coverage of vaccines, but many children are 

not receiving their vaccines on a timely basis. Timely administration of routine vaccines 

recommended by the Expanded Programme on Immunization (EPI) ensures maximum 

efficacy. It is vital to explore rates of vaccination timeliness and the correlates of timely 

vaccination among children to design targeted interventions for improving both coverage 

and timeliness.  

We conducted a secondary data analysis of the Demographic and Health Surveys 

from three South Asian Countries: Bangladesh, India and Pakistan. The study estimated 

the proportion of children receiving timely vaccination for different EPI vaccines and 

survival models to characterize correlates of timely vaccination among children below age 

2 years.  

Almost one third of the children did not have vaccination documentation in 

Bangladesh and Pakistan. India had a higher documentation rate of 87%. 

For nearly all vaccine doses, the proportion of children receiving the vaccination in 

a timely manner was higher in Bangladesh than in India and Pakistan. In Pakistan, only 
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53% of children received the first dose of the Pentavalent vaccine within 28 days of the 

recommended age, compared to 72% in Bangladesh and 55% in India. Similar patterns 

were observed for all vaccine doses except for Bacille Calmette-Guerin (BCG). In all three 

countries, for multidose vaccines, the proportion of children receiving timely vaccination 

decreased for subsequent doses. Household wealth, media exposure, antenatal care, and 

facility-based delivery were consistently associated with greater vaccination timeliness 

across all three countries and all vaccine doses. The study also found some country-specific 

associations that may provide insights for targeted interventions to improve vaccination 

timeliness. These factors include rural versus urban residence in Bangladesh, maternal age, 

education, and family size in India, and maternal education and birth order in Pakistan.  

The study highlights the need for national immunization programs to provide 

vaccination documentation to all mothers and to include vaccination timeliness as a 

performance metric in addition to vaccination coverage in order to optimize vaccine 

efficacy and provide maximum protection against vaccine-preventable infections for 

children.
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1. CHAPTER 1: INTRODUCTION 
 

1.1 Background 

The past 3 decades have seen considerable improvements in the under-five (U-5) mortality 

rate globally. However, more than half of all U-5 deaths continue to be attributable to 

preventable and treatable diseases. Infectious diseases, such as pneumonia and other 

respiratory tract infections, diarrhea, and measles, are among the leading causes of deaths. 

Low- and middle-income countries (LMICs), including South Asian countries like 

Bangladesh, India or Pakistan, bear a disproportionately high burden of these deaths (1–5). 

In 2015, vaccine-preventable diseases were responsible for 14% of global disability-

adjusted life years (DALYs) (6). Lower respiratory tract infections, diarrhea, and 

meningitis are among the top 10 causes of DALYs lost in children and adolescents (7). 

Despite a considerable decrease in the global prevalence of infectious diseases, they 

continue to contribute significantly to the global disease burden.  

 

Childhood immunization, one of the most cost-effective health interventions, 

produces a high level of health benefits in terms of lives saved and diseases prevented, 

decreasing medical and other opportunity costs associated with disease burden and 

increasing future productivity. According to the World Health Organization (WHO), 

immunizations prevent 3.5 to 5 million deaths annually (8).  Since 1974, the organization 

has promoted vaccination via the Expanded Program on Immunization (EPI), initially
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recommending six vaccines (9). These vaccines were Bacillus Calmette-Guérin (BCG), 

Oral Polio Vaccine (OPV), Diphtheria-Tetanus-Pertussis (DTP), and Measles. Later, 

additional vaccines such as Hepatitis B, Haemophilus Influenzae type B (Hib), Rubella, 

Pneumococcal, and Rotavirus vaccines were added. Effective immunization programs hold 

potential to reduce U-5 mortality by protecting post neonatal infants and older children 

against preventable infectious diseases. In addition, some of the vaccines provide lifelong 

immunity e.g., measles and rubella (10), contributing to lower morbidity and mortality 

during adult life. 

 

Despite tremendous efforts to increase vaccination coverage, which reached 81% 

for the third dose of the Diphtheria, Pertussis, and Tetanus vaccine) (DPT3) in 2021, 25 

million children under the age of 1 year did not receive basic vaccines (11) and thus 

remained vulnerable to vaccine preventable diseases and increased morbidity, mortality 

and disability. Even with significant success, many children are still not covered by 

immunization programs. In 2022, 14.3 million children did not receive the first dose of 

DPT containing vaccine and an additional 6.2 million children were only partially 

vaccinated, leaving 20.5 million children unprotected (11). More than 3 million people, 

including 1.5 million U-5 children, die every year because of vaccine preventable diseases 

(12)(13). With global immunization coverage increasing over the years, it is essential to 

understand the causes of continued high mortality and morbidity caused by vaccine-

preventable diseases.  
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Despite a declining global trend of infant mortality due to communicable diseases 

over the years, there have been significant disparities in the distribution of mortalities 

across regions. Vaccine-preventable infectious diseases are more prevalent in LMICs, 

particularly among newborns and young infants. In 2015, Streptococcus pneumoniae 

(pneumococcus) and Haemophilus influenzae type b (Hib) caused a total of 452,000 deaths 

worldwide (393,00 and 59,000, respectively), a decrease from 2008 when they were 

responsible for 541,000 pneumococcal deaths and 203,000 Hib deaths (13). More than half 

of all pneumococcal deaths occurred in four nations, namely India, Pakistan, Nigeria, and 

the Democratic Republic of the Congo, despite these nations comprising only 29% of the 

world's under-five population (13). In 2021, 60 percent of the 25 million children who were 

not or only partially vaccinated were from ten countries, including the four countries listed 

above (11). Children in these countries face numerous barriers to vaccination access, which 

increases their likelihood of being un- or under-vaccinated. Even in countries with high 

vaccination coverage, inequities exists through pockets of low coverage in different 

socioeconomic and geographic cohorts (14). To realize the full benefits of pediatric 

vaccination, it is essential to ensure high coverage rates. Another possible cause of 

persistent high rates of vaccine preventable mortality and morbidity in children may be that 

not all of them are effectively immunized. Vaccine delivery in a timely manner may be as 

essential as increasing coverage rates for maximizing the benefits of immunization (15). 

 

Given continued high rates of deaths and complications attributable to vaccine 

preventable diseases, improved coverage and timeliness of vaccinations are essential to 

reduce infant morbidity and mortality associated with these diseases. To maintain the 
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quality of immunization services, the WHO recommended improving monitoring and 

surveillance systems involving age-appropriate vaccinations in LMICs, including the 

countries in South Asia where vaccine coverage and timeliness may be a concern (16). It 

is necessary to monitor the performance of national immunization programs in order to 

reduce delayed and incomplete vaccination, and to ensure that the full benefits of 

immunization are realized. To develop nationally and locally relevant strategies aimed at 

improving the effectiveness of vaccination programs, it is important to identify key 

correlates that are associated with low rates of coverage and timeliness of immunization.  

 

The following section (Chapter 2) includes a discussion of the existing knowledge on 

vaccination coverage and timeliness. It will start with a discussion of the biology of 

vaccines to provide details on how high vaccination coverage and timeliness relate to a 

lower burden of communicable disease in the community. This will be followed by a 

discussion of vaccine hesitancy models, a description of the vaccination coverage and 

timeliness situation globally and in South Asia, and correlates of timeliness that different 

literatures have presented. Chapter 3 will discuss the methodological approach and 

analytical techniques used in the study. Chapters 4 and 5 will present two manuscripts, the 

first one presenting vaccination timeliness statistics and its correlates in Bangladesh, while 

the second one compares these numbers and correlates across the three countries of interest. 

The final chapter concludes with the summary of the results and potential policy 

recommendations aimed at maximizing the benefit of immunization.
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2. CHAPTER 2: LITERATURE REVIEW 

2.1: Biology of Vaccines 

To comprehend the concept of vaccination coverage and timeliness and the significance of 

adherence to the immunization schedule, it is necessary to understand how immunization 

protects us from harmful infectious organisms. The primary objective of vaccination is to 

intentionally expose the body to a foreign particle or antigen (in this instance, the vaccine) 

that shares structural or chemical similarities with the infectious agent against which the 

vaccine is intended to provide immunity. In the majority of instances, these foreign 

particles or antigens are a component of or the infectious agent itself. However, they are 

either killed or in a non-pathogenic or mildly pathogenic state. If the immune system is 

functioning properly, exposure to antigens prepares the body to recognize infectious 

organisms as foreign invaders, generate pathogen-specific antibodies, and remember the 

pathogen as a harmful agent for future protection through the operation of memory cells, a 

type of white blood cell that remembers this foreign antigen. When reinfection occurs with 

the same organism, the memory cells trigger the production of specialized protein 

molecules called antibodies. In short, vaccines do not directly combat infectious pathogens, 

but rather prepare the body to do so when necessary (17).  

To effectively protect the body against these infectious microorganisms and reduce 

the incidence of vaccine-preventable diseases, it is necessary to stimulate the production 
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of antibodies in sufficient quantities to counteract the effect of the infection. Certain 

vaccines generate immunologic memory similar to that produced by natural infections, and 

these vaccines frequently confer everlasting immunity. While there are some vaccines that 

do not require boosters, there are others that do. Typically, live attenuated vaccines (these 

are live infectious organisms with little or no pathogenic capability, such as the measles 

vaccine) provide complete immunity (often permanent) after a single dose. By contrast, 

killed vaccines, such as DPT vaccines, require supplemental injections at specific intervals 

to achieve full immunity, and in later stages of life to maintain effective immunity, as 

immunity tends to wane with time. In order to attain the optimal level of antibody titer and 

induce an effective immunologic response with the majority of vaccines, multiple doses 

must be administered with a specific time interval between each dose.  

While maintaining a sufficient antibody titer is the primary objective of the 

intervals between multiple doses of vaccines, age-related susceptibility to the vaccine-

preventable disease also influences the optimal time and interval between doses. Children's 

inherent immunity, which is acquired from their mothers, tends to deteriorate over time, 

making them more susceptible to various types of infection. Therefore, it is essential to 

administer vaccines early enough to protect against infectious diseases before innate 

immunity begins to wane. The following factors are considered when determining the 

appropriate age for administering a vaccine: 

• The age at which a child's immune system can tolerate vaccine components,  

• The potential interference of maternal antibodies with the immune response, and  

• The age at which a child is at greatest risk for disease transmission and mortality. 
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From the preceding discussion, it is clear that while achieving high vaccination coverage 

is essential for reducing the transmission of vaccine-preventable diseases, maintaining the 

vaccination schedule is crucial for ensuring an individual's effective immunization, 

thereby contributing to the efficacy of vaccination coverage. 

 

2.2 Vaccine Effectiveness 

Vaccine effectiveness was defined by Lopalco et al. as "the capability of a vaccine 

to prevent specific outcomes in a "real life" situation." They suggested that after the infant 

receives the vaccine, the effectiveness of the vaccine is affected by a number of variables 

(18). These variables are detailed in Table 2.3, and include specifically schedule 

compliance. It is important to note that, despite the fact that Lopalco et al. listed schedule 

compliance under logistic issues, it is not only related to logistic issues, but individual level 

factors are also crucial for schedule compliance, as discussed in the next section. 

2.3 Vaccine Hesitancy Models 

Vaccine Hesitancy, a delay in acceptance or refusal despite availability, is one of the 

greatest obstacles to vaccinations (19). In 2019, the World Health Organization listed 

vaccine hesitancy as one of the 10 most significant threats to global health (20). It reflects 

a constellation of factors that may influence the decision to embrace some or all vaccines 

in accordance with the recommended schedule (21).  
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Table 2.1: Factors affecting vaccine effectiveness (18) 

Host factors • Age 

• Presence of conditions/co-morbidities that may either affect immune 

• response or influence individual disease susceptibility 

• Previous exposure to antigen 

• Interference due to co-administered vaccines or other drugs 

Logistic issues • Schedule compliance 

• Cold chain 

• Administration issues 

Epidemiological 

factors 

• Force of infection 

• Herd immunity 

• Mismatch with circulating strains 

• Emergence of new viral/bacterial variants 

 

Hesitancy regarding child immunizations has contributed to decreased rates of 

childhood vaccination in several countries, as well as outbreaks of vaccine-preventable 

diseases such as pertussis, mumps, and measles (22–24). Nguyen et al. reported that 

parental vaccine hesitancy may account for up to 25% of the under vaccination in children 

(25). On the other hand several authors reported significant associations between 

vaccination hesitancy and delays (26,27).s 

A number of models have been proposed to explain the factors which are associated 

with vaccine hesitancy (28), of which the 3C and 5C models are the most widely circulated 

(28–31). Inconvenient access to vaccines, complacency, and a lack of confidence have been 
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identified as key underlying causes of noncompliance to vaccination by the WHO vaccines 

advisory committee. Based on this, the WHO’s Strategic Advisory Group of Experts on 

Immunization (SAGE) Working Group on Vaccine Hesitancy proposed the 3C model 

(Figure 2.1) which highlights the following broad categories as determinants of vaccine 

hesitancy 

• Confidence: Vaccine confidence is defined as trust in  

o 1) the effectiveness and safety of vaccines;  

o 2) the system that delivers them, including the reliability and competence 

of the health services and health professionals; and  

o 3) the motivations of the policymakers who decide on the needed vaccines 

• Complacency: Vaccine complacency exists when perceived risks of vaccine-

preventable diseases are low and vaccination is not regarded as an essential 

preventive measure. For example, in many countries polio has been eradicated, 

thus, parents may consider it not necessary to vaccinate their child with polio 

vaccines. 

• Convenience: Convenience is considered a crucial determinant of vaccine 

hesitancy which is reflected when vaccine uptake is affected by physical 

availability, affordability and willingness-to-pay, geographical accessibility, ability 

to understand (language and health literacy) and appeal of immunization services 
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Figure 2.1: The 3C model of vaccine hesitancy 

 

The 5C model (Figure 2.2) builds on the 3C model and proposes two additional major 

domains in the form of Communication and Context (38). While sharing information 

regarding vaccine efficacy, safety is key to building the confidence of parents in 

vaccinating their child, it also influences complacency by enabling the consumer to make 

informed decisions. On the other hand, context specific interventions are crucial to the 

success of any health-related interventions, including vaccination programs. These models 

provide preliminary understandings on what factors should be considered while developing 

a model of vaccination timeliness, in order to plan targeted interventions to reduce vaccine 

hesitancy and ultimately leading to improved immunization status of the community. 



 

11 
 

 

Figure 2.2: The 5C model of Vaccine Hesitancy in the context of COVID19 and 

recommendations on how to address the different dimensions of the model (Adapted 

from Razai et al)   
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2.4 Immunization Schedule 

Before defining timeliness, it is necessary to understand the recommended schedule for 

infant routine immunization. "A schedule is a tool used to ensure that children and adults 

receive the recommended immunizations to protect them from disease when they are most 

susceptible" (17). Vaccination schedules vary between countries and regions of the world 

primarily due to the varying disease patterns in various regions (32,33). Table 2.1 shows 

the World Health Organization (WHO)'s recommendations for routine immunization 

schedules for the majority of these vaccinations. The vaccines in this table are 

recommended for use in all global immunization programs. There are, however, additional 

vaccines recommended for specific regions or populations that are not listed here. 

 

Table 2.1 was created by the World Health Organization to facilitate the 

development of schedules specific to each country based on epidemiologic, programmatic, 

resource, and policy factors. This table is not recommended for use by local health care 

providers; instead, they are encouraged to adhere to the country-specific vaccination 

schedule when administering vaccinations to the target population.  
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Table 2.2: WHO recommended schedule for routine immunization(34) 

 

Source: WHO recommendations for routine immunization - summary tables (Table 2) accessed through https://www.who.int/teams/immunization-vaccines-and-

biologicals/policies/who-recommendations-for-routine-immunization---summary-tables 
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Table 2.3 (continued): WHO recommended schedule for routine immunization (34) 

 

Source: WHO recommendations for routine immunization - summary tables (Table 2) accessed through https://www.who.int/teams/immunization-vaccines-and-

biologicals/policies/who-recommendations-for-routine-immunization---summary-tables



 

 15   
 

Owing to the fact that not all children adhere to the recommended vaccination 

schedule, the World Health Organization (WHO) also developed a guideline for what to 

do if there is a delay in receiving any of these vaccines (35). They recommend, even if 

there is a delay, most vaccines should be given at the earliest time possible. However, there 

is no specific guidance regarding what constitutes an untimely vaccination, i.e., at what 

point the vaccination should be considered to have been administered too early or too late 

for the body to achieve effective immunization.  

 

2.5 Why are coverage and timeliness so important? 

Vaccination coverage is typically used to evaluate the performance of 

immunization programs. According to the World Bank, “Immunization coverage 

indicators measure the proportion of a targeted population (usually, children at certain 

ages) that has received the recommended doses of vaccines to protect against contracting 

certain serious illnesses” (36). This is widely regarded as the key indicator for evaluating 

the efficacy of vaccination programs. The greater the coverage, the lower the probability 

that a community will be affected by a specific disease. Vaccinated individuals develop 

immunity against the organisms. High immunization coverage also contributes to herd 

immunity, creating an invisible barrier around the minority of the population that has not 

received the vaccine. However, coverage is not the only indicator we should consider when 

assessing the effectiveness of immunization programs. 

In addition to vaccination coverage, evidence suggests that adherence to the 

recommended immunization schedule is crucial for children to develop effective immunity 

on time (3,37–40). Immunization before the recommended age may result in insufficient 

production of protective antibodies, thereby diminishing the efficacy of immunization. On 
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the other hand, delays in immunization leave children vulnerable to disease, and delaying 

the first dose of the primary vaccine series is reported to be a strong predictor of subsequent 

incomplete immunization (38,41). According to Yadav et al. (2011), delayed vaccination 

has more negative effects in developing nations, where the median age of infection 

acquisition is substantially lower than in developed nations (42). Thus, addressing 

vaccination delays can play a significant role in reducing under-5 mortality. s in 

immunization leave children vulnerable to disease, and delay 

As presented in Table 2.1, the World Health Organization (WHO) has developed 

vaccination schedule recommendations for all routine childhood vaccines (34). For 

example, three doses of the Diphtheria, Pertussis, and Tetanus (DPT) vaccine are 

recommended in a child’s first year of life, with the first dose administered at the age of 6 

weeks, the second dose at 10 weeks, and the third dose at the age of 14 weeks. The 

recommended age range for the first dose of the measles vaccine is 9 to 12 months. If a 

child received vaccination doses according to the schedule, he or she is considered to have 

been immunized on time. However, there is no universally accepted definition of when 

childhood vaccinations are considered not timely (40). Most  of the existing literatures used 

28 days/1 month from the recommended age of vaccination to be considered as the cutoff 

point for defining a delay in vaccination (43–47). Some literatures used one or two weeks’ 

time as the cutoff point (48,49); some used magnitude of the delay as a continuous measure 

instead of defining a time cutoff (50); while others decided to use time interval between 

vaccine doses (51). For this study, we considered 28 days cutoff point to define delay in 

our analysis. Detail will be discussed in the method section. 
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In light of the mortality and morbidity attributable to vaccine-preventable diseases, 

enhanced vaccination coverage and timeliness are necessary to reduce infant morbidity and 

mortality associated with these diseases. To maintain the quality of immunization services, 

the WHO suggested enhancing monitoring and surveillance systems involving age-

appropriate vaccinations in LMICs, including in South Asian countries where vaccine 

coverage and timeliness are a concern (16). To ensure that the benefits of immunization 

are realized, it is essential to monitor the immunization program effectively so as to reduce 

delayed and incomplete vaccination. Therefore, it is essential to identify the factors 

associated with vaccination timeliness.  

Even in high-income countries such as the United States, the practice of adhering 

to vaccination schedules was reported to be low in comparison to vaccination coverage.  

Fewer than half of infants born between 2004 and 2008 were vaccinated on time, according 

to Glanz et al. (52), although coverage was reported to be greater than 90%. In the 2014 

National Immunization Survey only 58% of children followed the schedule suggested by 

the Advisory Committee on Immunization Practices (ACIP) (53). Multiple studies have 

focused on vaccination coverage and timeliness. There are numerous studies on coverage, 

but the majority of timeliness studies focus on African and Central Asian nations (3,40,54–

57). All of these investigations focused on a specific country or region within a country. 

Masters et al. (2018) conducted a comprehensive systematic literature review in which they 

recommended conducting in-depth coverage and timeliness studies for countries in South 

Asia and South East Asia due to a lack of evidence in this area. Multi-country analyses will 

provide a broader perspective of the immunization situation in a region and identify 

underlying factors that influence vaccination coverage and timeliness (40).  
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2.5 Vaccination Timeliness in South Asia 

To-date, there is little evidence regarding vaccination timeliness in South Asian 

countries. There has been only one study in which vaccination timeliness was investigated 

in Bangladesh using a nationally representative dataset. Sheikh et al. conducted a 

secondary analysis of the 2014 Bangladesh Demographic and Health Survey (BDHS) data 

and demonstrated a large gap in schedule adherence to the EPI vaccines in Bangladesh 

(58–60). There have been two nationally representative studies conducted in India based 

on the Household and Facility Survey 2008 and the National Family Health Survey 4 

(2015-16) (61,62). There is only one nationally representative study from Pakistan 

however, this was conducted using 2005-06 DHS data (63). Two other studies in India and 

Bangladesh were limited to a specific region or hospital (42,64).  

This study aims to characterize and compare the immunization timelines for 

different EPI vaccines in three South Asian countries, Bangladesh, India and Pakistan,. A 

cross-national comparison between these neighboring countries, which have substantial 

socio-cultural and geographical similarities between them, will reveal how the countries’ 

immunization systems are performing and will aid in understanding the factors associated 

with vaccination timeliness in the region.  This study provides the first example for a cross-

national comparative overview of vaccination timeliness in South Asia, which can guide 

researchers and policymakers to develop focused interventions based on the specific needs 

of each country.  
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1.3 Research Questions: 

Given the evidence gap described above, the study addresses two research questions: 

• What proportions of children received timely vaccinations in the three South Asian 

countries? 

• What are the correlates of timely vaccination in these countries? 



 

 20   
 

3. CHAPTER 3: METHODS 
 

3.1 Data Source: 

A secondary data analysis was conducted using data from three datasets obtained through 

United States Agency for International Development (USAID’)s Demographic and Health 

Surveys Programme: 

• Bangladesh Demographic and Health Survey, 2017-18  

• Pakistan Demographic and Health Survey, 2017-18  

• India National Family Health Survey, 2019-20 

Demographic and Health Surveys (DHS) are nationally-representative household 

surveys that collect information on a broad range of topics in more than 100 countries (65). 

Topics include information on infant and child mortality, fertility, family planning, 

maternal health, child immunization, malnutrition, HIV prevalence, and malaria, among 

others. Data from these surveys are freely available and accessible to qualified researchers 

and students. The indicators are comparable over time and across countries. This program 

is considered the largest and longest enduring survey program of its kind (USAID, 2018).  

The DHS surveys use a stratified two stage cluster design. In the first stage, enumerations 

areas (EA) are chosen from a pre-existing sampling frame (e.g., the national census). A 

sample of households is subsequently drawn from each EA in the second stage. 
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3.2 Research Design:  

This is a cross sectional analysis of data from the latest available DHS datasets: 

from Bangladesh, India, and Pakistan. 

 

3.3 Study Population:  

Our preliminary study population included all children between the ages of 0-23 

months. The WHO suggests that children ages 12-23 months be considered in the 

calculation of immunization coverage indicators for EPI, therefore children ages 24 months 

or older were excluded from this study.  The analysis of coverage included only children 

ages 12-23 months, whereas analyses of timeliness included all age-eligible children, i.e., 

children who were old enough to receive a particular vaccine dose. Thus, the number of 

observations for timeliness analyses was different across different vaccine doses and was 

higher than the number of children included in coverage analyses. Notably, the DHS 

collected vaccination information from either vaccination cards or historical recall data 

from maternal report when the vaccination card was missing. However, vaccination dates 

were not collected for children whose immunization status was only reported by the 

mother. We therefore considered the following inclusion and exclusion criteria for our 

analyses. 

Coverage: Children who were between the ages of 12 to 23 months during the time of the 

interview were included for the coverage analysis 
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Timeliness: 

Inclusion Criteria: 

• Children who were ages 0-23 months during the time of the interview 

• For the descriptive analysis of timeliness, children at least 28 days older than the 

minimum age to receive a particular dose of the vaccine.  

• For the multivariate analysis, children at least as old as the recommended age of 

vaccination. 

Exclusion Criteria: 

• Children with a vaccination card but no date of vaccination or an invalid date for 

the particular vaccine dose.  

• Children with no vaccination card. However, in case a mother reported non-

vaccination for a particular vaccine, it was included in the analyses and was 

recorded as not having received the vaccine.  

3.4 Definition of Vaccination Coverage:  

The primary source of information on the vaccination status of a child was the 

vaccination card. When the card was not available, non-vaccination information provided 

by mother was also used. If coverage for a vaccine was not indicated by either of these two 

sources, the child was considered unvaccinated as suggested in the Guide to DHS Statistics 

(66). The guide also suggests that the dataset may contain gaps in vaccination history in 

the case of multi-dose vaccine series, e.g., the data may show that a child received the 1st 

and 3rd doses of the pentavalent vaccine, but missed the 2nd dose. It suggests that in such a 

scenario the 3rd dose be recoded as the 2nd dose. We addressed such issues as recommended 
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in the Guide. Vaccination coverage at the time of the survey was calculated separately for 

each vaccine dose. A child ages 12-23 months was considered covered for a specific 

vaccine dose if he or she had received the dose at the time of the survey. 

 

3.5 Definition of Vaccination Timeliness:  

The immunization schedules for all routine vaccines implemented through the EPI 

program of Bangladesh, India and Pakistan are presented in Table 3.1 (67). 

Table 3.1: EPI vaccination schedule for infants. 

Vaccine Bangladesh India Pakistan 

Bacillus Calmette–Guérin (BCG): One 

dose 

Birth Birth Birth 

Pentavalent Vaccine (Diphtheria, 

Pertussis, Tetanus, Hepatitis B and Hib): 

Three doses 

6 weeks 

10 weeks 

14 weeks 

6 weeks 

10 weeks 

14 weeks 

6 weeks 

10 weeks 

14 weeks 

Oral Polio Vaccine (OPV): Three doses  

6 weeks 

10 weeks 

14 weeks 

0 weeks* 

6 weeks 

10 weeks 

14 weeks 

0 weeks* 

6 weeks 

10 weeks 

14 weeks 

Pneumococcal Conjugate Vaccine (PCV): 

Three doses 

6 weeks 

10 weeks 

14 weeks 

6 weeks 

10 weeks 

14 weeks 

6 weeks 

10 weeks 

14 weeks 

Inactivated Polio Vaccine (IPV): Two 

doses 

6 weeks  

14 weeks 

6 weeks  

14 weeks 

6 weeks  

14 weeks 

Measles and Rubella Vaccine (MR): One 

dose 

9 months  9 months  9 months  

*OPV is recommended at birth for India and Pakistan. For Bangladesh the first dose of OPV is recommended at 6 weeks. 

By the time this survey was conducted, IPV and PCV were not integrated in the national immunization program of India.  

Thus, OPV0, Pneumococcal vaccine series and IPVs were not included in the analyses to maintain uniformity 

across the 3 countries.  
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DHS collected data on the date of birth of the child, and, for children with 

vaccination documentation, the date of each vaccination dose in the EPI schedule. The 

child’s age at vaccine receipt, in days, was calculated as the difference between the date of 

vaccination receipt as recorded in the vaccination documentation and the date of birth of 

the child. Based on the vaccination schedule presented in Table 1, vaccination timeliness 

was defined as follows: 

Timely vaccination: In descriptive analyses, timely vaccination was defined as the 

receipt of the vaccine between 7 days prior to and 28 days after the recommended age. For 

example, the first dose of the Pentavalent vaccine (Penta1) is due at age 6 weeks (42 days). 

Thus, any Penta1 dose received between the ages of 35-70 days was considered timely.  

Delayed vaccination: Delayed vaccination was defined as the receipt of the 

vaccine more than 28 days after the recommended age. Thus, any Penta1 dose received 

after the age of 70 days was considered delayed. 

No vaccination: In the case the vaccination card or the mother reported that a 

particular dose was not received by the child then that child was considered not vaccinated 

for that particular dose.  

In multivariable analyses, timeliness was described by the time, in days, between 

the recommended age as outlined in the vaccine schedule, and the actual age at the time of 

vaccination receipt.   

Table 3.2 describes the categorical definition of timeliness for those vaccine doses 

that were included in the EPI schedules of all 3 countries at the time of the surveys.  
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Table 3.2: Categorical definition of the timeliness of vaccine administration. 

Vaccine Recommended 

Vaccine Schedule 

(age in days) 

 Timeliness of vaccinations based on the age of the child at 

the time of vaccine administration (age in days) 

   Timely Delayed 

Bacillus Calmette–Guérin 

(BCG) 

At birth  BCG: 0 to 28 days BCG: 29 days or more 

Oral Polio Vaccine (OPV) OPV1: 42 days   OPV1: 35 to 70 days OPV1: 71 days or more 

OPV2: 70 days OPV2: 63 to 98 days OPV2: 99 days or more 

OPV3: 98 days OPV3: 91 to 126 days OPV3: 127 days or more 

Pentavalent Vaccine 

(Diphtheria, Pertussis, 

Tetanus, Hepatitis B and 

Hib) 

Penta1/DTP1: 42 days 

Penta2/DTP2: 70 days 

Penta3/DTP3: 98 days 

 Penta1/DTP1: 35 to 70 days Penta1/DTP1:71 days or more 

Penta2/DTP2: 63 to 98 days Penta2/DTP2: 99 days or more 

Penta3/DTP3: 91 to 126 days Penta3/DTP3: 127 days or more 

Measles and Rubella 

Vaccine (MR) 

266 days  259 to 294 days 294 days or more 

 

 

3.6 Statistical Analysis 

Statistical analyses were conducted using STATA 15 SE (Stata Corp, College 

Station, TX). Sampling weights were applied as recommended in the DHS data analyses 

guideline (66) in order to account for the complex survey design of the DHS.  

Descriptive analysis was conducted to present (1) sociodemographic information and 

vaccination documentation information of children ages 0-23 months at the time of the 

interview and their mothers; (2) proportions of children receiving timely vs. delayed 

vaccination for different vaccine doses among age-eligible children ages 0-23 months, i.e., 
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children who were old enough to receive a particular vaccine dose. The statistical 

significance of differences between rural and urban residents was evaluated using two-

tailed Student’s t-tests for continuous and chi-squared tests for categorical variables. 

 Survival analysis was used to model time to vaccination. The event of interest was 

the receipt of the vaccine dose for which timeliness was being analyzed. If a child had not 

received the vaccine dose by the time of the interview, the observation was considered 

censored.  Correlates of timely vaccination were examined using Cox proportional hazard 

models, where the recommended age of vaccination was designated as time zero. If a child 

received a vaccination on or prior to the recommended age, the time to vaccine initiation 

was adjusted as very close to zero (recoded to 1x10-6 days after time zero). Based on a 

review of existing literature (2,68) we included the following correlates of vaccination 

timeliness in our cox regression model: rural vs. urban residence, wealth index quintile, 

mother’s age at birth (15-19, 20-24, 25-29, above 30 years), maternal education (primary 

education or less, secondary or higher education, birth order (first born vs. second or higher 

order), number of antenatal visits (0-3, 4 or more), place of delivery (facility delivery, home 

delivery), gender of the child (male, female), household size (number of persons) and 

media exposure (yes, no).  

 

The Cox hazard model estimated the hazard of receiving the vaccine dose at an earlier 

or later time compared to the reference group. A hazard ratio greater than 1 indicates that 

children with the respective characteristic had a higher risk of the event occurring earlier. 

On the other hand, a hazard ratio less than 1 indicates that the characteristic was associated 

with a lower risk of the event occurring earlier (i.e., a higher chance of receiving the 
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vaccine at a later point than the reference group). As the schedules of the OPV and Penta 

vaccine series coincide, we considered the timeliness of the Pentavalent vaccine doses as 

proxies for other vaccine doses due at the same time. Thus, survival models were estimated 

for the BCG vaccine due at birth, the Pentavalent vaccine series due at 6, 10, and 14 weeks 

of age, and the 1st dose of the Measles vaccine due at age 9 months.  

To assess potential selection biases from excluding children with unknown vaccination 

coverage or timeliness, we compared the characteristics of children who were included in 

the hazard models to those who were excluded due to lack of vaccination documentation 

or due to missing data on vaccination dates. In descriptive analyses, Student’s t-tests and 

chi-squared statistics were used to assess statistical significance; a logistic regression 

model assessed selection bias in a multivariable model.  
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4. CHAPTER 4: CORRELATES OF IMMUNIZATION 

TIMELINESS IN BANGLADESH: A SECONDARY 

ANALYSIS OF THE 2017-2018 BANGLADESH 

DEMOGRAPHIC AND HEALTH SURVEY 
 

4.1 INTRODUCTION 

In the last three decades there have been considerable improvements in the global under-

five (U-5) mortality rate (69). However, according to the World Health Organization 

(WHO), in 2018 almost 4 million children died within their first year of life, representing 

75% of all under-five deaths (70). More than half of all =U-5 deaths are attributable to 

preventable and treatable diseases. Infectious diseases, such as pneumonia and other 

respiratory tract infections, diarrhea, and measles, are among the leading causes of deaths. 

Low- and middle-income countries (LMICs) bear a disproportionately high burden of these 

deaths. 

Childhood immunization, one of the most cost-effective health interventions, 

produces high level of health benefits in terms of decreased morbidity and mortality, 

reduced medical and opportunity costs associated with disease, and increased future 

productivity. The WHO has been promoting immunization through the Expanded Program 

on Immunization (EPI) since 1974, initially recommending 6 vaccines (71). Since the 

introduction of the EPI, childhood mortality has significantly decreased globally, and with 
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the introduction of new vaccines in the program, vaccinated children are being protected 

against more and more diseases (72). According to the WHO, immunizations prevent 3.5 

to 5 million deaths annually (8).Despite tremendous efforts to increase vaccination 

coverage, in 2021, 25 million children under the age of 1 year did not receive basic vaccines 

(11) and thus remain vulnerable to vaccine preventable diseases and increased morbidity, 

mortality and disability. More than 3 million people, including 1.5 million U-5 children, 

die every year because of vaccine preventable diseases (12)(13). A large majority of these 

children live in LMICs and significant urban rural disparities in vaccination coverage and 

timeliness have been documented globally (1–5). Even in countries with high vaccination 

coverage, inequities exist as evidenced by pockets of low coverage in various 

socioeconomic and geographic cohorts (14). 

In the last few decades, Bangladesh has made remarkable progress in reducing 

childhood mortality, and the successful implementation of EPI has played an important 

role in this (73). The country has achieved more than 90% coverage for all EPI vaccines 

except the measles and rubella (MR) vaccine (88%) (74), and immunization prevents 

approximately 200,000 deaths every year (75). The U-5 mortality rate has been 

significantly reduced from 40/1000 live births in 2014 In the last few decades, ,,to 27/1000 

live births in 2021 (76). While neonatal mortality contributes to almost two thirds of the 

U-5 mortality in Bangladesh, effective immunizations have the potential to further reduce 

the U-5 mortality rate by protecting older children from preventable infectious diseases 

and achieve Target 3.2 of the sustainable development goals (SDGs), to reduce the national 

U-5 mortality rate to 25/1000 live birth (77). Moreover, some of the EPI vaccines provide 



 

 30   
 

lifelong immunity, contributing to reduction of preventable morbidity and mortality in the 

later stage of life.  

To achieve the full benefit of immunization, vaccines must be delivered in a timely 

manner (3,15,38–40,78). Immunization before the recommended age may result in failure 

to generate sufficient protective antibodies, thus reducing the effectiveness of 

immunization. By contrast, delayed vaccinations leave children vulnerable to infections, 

with disproportionately negative implications for children in LMICs, where the median age 

for acquiring infections is lower relative to high-income countries (42). Delaying the first 

vaccine dose in a series is a strong predictor of subsequent incomplete immunization 

(38,41).  

To-date, there is little evidence regarding vaccination timeliness in Bangladesh. 

Sheikh et al. conducted a secondary analysis of data from the 2014 Bangladesh 

Demographic and Health Survey (BDHS) and demonstrated a large gap in adherence to the 

EPI vaccines. To-date that is the only peer reviewed evidence in regards to vaccination 

timeliness in Bangladesh (79). There are also very few studies in the neighboring countries, 

which were generally limited to a specific region or hospital (42,64). This study aims to 

address this evidence gap by providing recent, pre-COVID estimates of the immunization 

coverage and timelines for EPI vaccines recommended in the first year of life in 

Bangladesh. The study also aims to identify correlates of vaccination timeliness to inform 

early detection and intervention efforts. timeliness  
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4.2 METHODS 

4.2.1 Data Source: 

A secondary data analysis was conducted using data from the 2017-18 BDHS. The 

BDHS is a nationally-representative household survey that collects information on a broad 

range of topics; Topics include information on infant and child mortality, fertility, family 

planning, maternal health, childhood immunization, malnutrition, HIV prevalence, and 

malaria. DHS survey data are freely available and accessible to qualified researchers and 

students; indicators are comparable over time and across countries. Demographic and 

Health Surveys (DHS) are implemented similarly in more than 100 countries (65)(65). The 

DHS program is considered the largest and longest enduring survey program of its kind 

(USAID, 2018).   

The BDHS used a stratified two-stage cluster design as its sampling technique. In 

the first stage 675 enumeration areas (EAs) were identified for the whole country. These 

EAs were selected using data from the 2011 Population and Housing Census of the 

People’s Republic of Bangladesh. In the second stage, a systematic sample of 30 

households (on average) was drawn from an updated household list from each EA selected 

in the first stage.  

4.2.2 Study Design:  

This is a cross sectional analysis of data from the 2017-18 BDHS. 
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4.2.3 Study Population:  

Our study population included children between the ages of 0-23 months included 

in the BDHS dataset. The WHO suggests that children ages 12-23 months be considered 

in the calculation of immunization coverage indicators for EPI, therefore all children ages 

24 months or older were excluded from this study.  The analysis of coverage included only 

children ages 12-23 months, whereas analyses of timeliness included all age-eligible 

children, i.e., children who were old enough to receive a particular vaccine dose. Thus, the 

number of observations for timeliness analyses differed across different vaccine doses and 

was higher than the number of children included in coverage analyses. Notably, the DHS 

collected information on vaccination coverage and dates from vaccination cards. When the 

card was missing, coverage information was obtained using historical recall from mothers.  

4.2.4 Definition of Vaccination Coverage:  

The primary source of information on the vaccination status of a child was the 

vaccination card. When the card was not available, non-vaccination information provided 

by the mother was also used. If coverage for a vaccine was not indicated by either of these 

two sources, the child was considered unvaccinated as suggested in the Guide to DHS 

Statistics (66). The guide also suggests that the dataset may contain gaps in vaccination 

history in the case of multi-dose vaccine series, e.g., the data may show that a child received 

the 1st and 3rd doses of the pentavalent vaccine, but missed the 2nd dose. It suggests that in 

such a scenario the 3rd dose be recoded as the 2nd dose. We addressed such issues as 

recommended in the Guide. Vaccination coverage was calculated separately for each 

vaccine dose. A child ages 12-23 months was considered covered for a specific vaccine 

dose if he or she had received the dose at the time of the survey. 
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4.2.5 Definition of Vaccination Timeliness:  

The WHO immunization schedule for all routine vaccines implemented through 

Bangladesh’s EPI program is presented in Table 4.1 (67). 

 

Table 4.1: EPI vaccination schedule implemented in Bangladesh for infants (less than 12 

months of age). 

Vaccine Age of administration 

Bacillus Calmette–Guérin (BCG) Birth 

Pentavalent Vaccine (Diphtheria, Pertussis, Tetanus, 

Hepatitis B and Hib), three doses 

6 weeks, 10 weeks and 14 

weeks 

Oral Polio Vaccine (OPV), three doses  6 weeks, 10 weeks and 14 

weeks 

Pneumococcal Conjugate Vaccine (PCV), three doses  6 weeks, 10 weeks and 14 

weeks 

Inactivated Polio Vaccine (IPV), two doses 6 weeks and 14 weeks 

Measles and Rubella Vaccine (MR), one dose 9 months  

 

BDHS collected data on the date of birth of the child as well as the date of each 

vaccination in the EPI schedule; the age of vaccine receipt (in days) was calculated as the 

difference between the date of the vaccination as recorded on the vaccination card and the 

date of birth of the child. Vaccination timeliness was determined by comparing the child’s 

age at the time of vaccine receipt with the recommended age of vaccination. If the 

vaccination documentation was not available or the vaccination date was not or only 

partially recorded, the observation was excluded from the analyses. However, if a mother 
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reported her child as not having received the vaccine, the child was considered 

unvaccinated as of the time of the survey and included in the timeliness analyses as a 

censored observation (see below).  

In descriptive analyses, timely vaccination was defined as the receipt of the vaccine 

from 7 days before to 28 days after the recommended age. For example, the first dose of 

the pentavalent vaccine (Penta1) is due at age 6 weeks, which is 42 days. Thus, any Penta1 

dose received within the age range of 35-70 days was considered timely. In order to ensure 

the integrity of the analysis, children who received a vaccine dose more than 7 days earlier 

than the recommended age were excluded from the analyses. In multivariable analyses, 

time to vaccination was measured continuously. Table 4.2 describes the definition of 

timeliness for each vaccine dose in the EPI schedule of Bangladesh 

 

4.2.6 Statistical Analysis 

Statistical analyses were conducted using STATA 15 SE (Stata Corp, College 

Station, TX). Sampling weights were applied as recommended in the Guide to DHS 

Statistics (66) in order to account for the clustering and complex survey design of the 

BDHS.  

Descriptive analysis was conducted to present (1) sociodemographic information 

and vaccination documentation information of children ages 0-23 months and their mothers 

at the time of the interview; (2) coverage of different vaccine doses among children aged 

12-23 months; and (3) proportions of children receiving timely vaccination for different 

vaccine doses among age-eligible children aged 0-23 months. The statistical significance 
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of differences between rural and urban residents was evaluated using two-tailed Student’s 

t-tests for continuous and chi-squared tests for categorical variables.  

Table 4.2: Definition of the timeliness of vaccine administration. 

Vaccine Recommended 

Vaccine Schedule 

(age in days) 

 Timeliness of vaccinations based on the age of the child 

at the time of vaccine administration (age in days) 

   Timely Delayed 

Bacillus Calmette–

Guérin (BCG) 

At birth  0 to 28 days 29 days or more 

Oral Polio Vaccine OPV1: 42 days   OPV1: 35 to 70 days OPV1: 71 days or more 

OPV2: 70 days 

 

OPV2: 63 to 98 days 

 

OPV2: 99 days or more 

OPV3: 98 days OPV3: 91 to 126 days OPV3: 127 days or more 

Pentavalent 

vaccine/DTP 

(DTP+Hep B + Hib) 

Penta1/DTP1: 42 

days 

Penta2/DTP2: 70 day 

Penta3/DTP3: 98 

days 

 Penta 1/DTP1: 35 to 70 days Penta 1/DTP1:71 days or 

more 

Penta 2/DTP2: 63 to 98 days 

 

Penta 2/DTP2: 99 days or 

more 

Penta 3/DTP3: 91 to 126 days Penta 3/DTP3: 127 days or 

more 

Measles, Mumps and 

Rubella 

266 day  259 to 294 days 294 days or more 

 

 Survival analysis was used to model time to vaccination. The event of interest was 

the receipt of the vaccine dose for which timeliness was being analyzed. If the child had 

not received a vaccine dose by the time of the interview, the data were considered censored.  
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Correlates of timely vaccination were examined using Cox proportional hazard models, 

where the recommended age of vaccination was designated as time zero. If a child received 

a vaccination on or prior to the recommended age, the time to vaccination was adjusted as 

very close to zero (recoded to 1x10-6 days after time zero).  

 Based on a review of the existing literature (2,68) we considered the following 

correlates of vaccination timeliness in our Cox regression model.  

• Number of antenatal visits (0-3, 4 or more),  

• Place of delivery (facility delivery, home delivery),  

• Media exposure (yes, no) and religion (Islam and others) 

• Rural vs. Urban residence,  

• Maternal education (primary or less, secondary or higher education)  

• Birth order (first born, second or higher order), 

• Wealth index factor score,  

• Mother’s age at first birth (15-19, 20-24, 25-29, above 30 years),  

• Gender of the child (male female),  

• Household size 

 

 Cox models estimated the risk of receiving a vaccine dose at an earlier or later time 

compared to the reference group. A hazard ratio greater than 1 indicates that children with 

the respective characteristic had a higher risk of the event occurring earlier. On the other 

hand, a hazard ratio less than 1 indicates that the characteristic was associated with a lower 

risk of the event occurring earlier (i.e., a higher chance of receiving the vaccine at a later 

point than the reference group). As the schedules of different doses of the OPV, 
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pentavalent, and pneumococcal vaccines coincide, we considered the timeliness of the 

pentavalent vaccine doses as proxies for other vaccines due at the same time. Thus, survival 

models were only estimated for the BCG, pentavalent vaccines and 1st dose of the Measles 

vaccine.  

To assess potential selection biases from excluding children with unknown vaccination 

coverage or timeliness, we compared the characteristics of children who were included in 

the hazard models to those who were excluded due to lack of vaccination documentation 

or due to missing data on vaccination dates. In descriptive analyses, Student’s t-tests and 

chi-squared statistics were used to assess statistical significance; a logistic regression 

model assessed selection bias in a multivariable model.  

 

4.3 Results: 

4.3.1 Sample characteristics 

Table 4.3 shows key characteristics of 3,462 mothers and their children ages 0-23 

months. Nearly three quarters (66%) of mothers were living in rural areas. The male to 

female child ratio was 52:48. Wealth index scores were higher for urban than rural 

households (0.068 vs. -0.030 standard deviations from the mean, p<0.001). Urban 

mothers, on average, was slightly older during the birth of the child (for whom 

vaccination information was obtained) compared t their rual counterparts (23.98 vs 23.49 

years, p<0.014).  Mothers of urban children had higher numbers of antenatal visits (59% 

vs. 42% reporting 4 or more ANC visits, p<0.001) and higher rates of media exposure 

(exposure to television, radio or newspaper at least once a week) than mothers of rural 

children (72% vs 48%, p<0.001). Just over half of the children (51%) were born at a 
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health facility, nearly half were born at home. 68% of the mother was able to present a 

vaccination card for their child during the time of the interview, whereas 15% of the 

children did not have any document; for 17% of the children the mother reported that 

they had a vaccination card but could not present it to the interviewer. Rural children, on 

average presented a higher household size relative to urban children (6.3 vs 5.8; 

p<0.000). In addition, the proportion of children having second or highe birth order was 

also higher among the rural children (64.4% vs 59.5%; p<0.011) 
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Table 4.3: Sociodemographic characteristics of mothers and their children aged 0-23 

months from the Bangladesh Demographic and Health Survey, 2017-18 
  

All participants 

(N=3,462) 

Rural participants 

(N=2,286) 

Urban participants 

(N=1,176) 

 

# of children 3,462 
 

2,286 
 

1,176 
  

  
Mean 

or N 

(sd or %) Mean or 

N 

(sd or %) Mean or 

N 

(sd or %) p 

value 

Residence Rural 2,286 (66.0 %) 2,286 (100 %) 
   

Urban 1,176 (34.0%) 
  

1,176 (100 %) 
 

Region Barisal 383 (11.0 %) 265 (11.6 %) 118 (10.0%) 0.000 

Chittagong 570 (16.5%) 387 (17.0%) 183 (15.6%) 
 

Dhaka 502 (14.5%) 221 (10.0%) 281 (23.9%) 
 

Khulna 355 (10.25%) 229 (10.0%) 126 (10.7 %) 
 

Mymensingh 418 (12%) 309 (13.5%) 109 (9.2%) 
 

Rajshahi 349 (10.0%) 238 (10.4%) 111 (9.4%%) 
 

Rangpur 392 (11.3%) 281 (12.2%) 111 (9.4%) 
 

Sylhet 493 (14.2%) 356 (15.6 %) 137 (11.6%) 
 

Wealth index score -0.004 (0.10) -0.030 (0.07) 0.068 (0.11) 0.000 

Vaccination 

documentation 

No card 505 (14.5 %) 366 (15.8 %) 139 (10.6 %) 0.007 

Had card but not 

seen by surveyor  

593 (17.5 %) 396 (17.3 %) 197 (18.1 %)  

Seen by surveyor 2,364 (68.0 %) 1,524 (66.8 %) 840 (71.3 %)  

Mother's age 15-19 686 (20.3 %) 467 (20.7 %) 219 (19.3 %) 0.585 

20-29 2,101 (59.7 %) 1,389 (59.5 %) 712 (60.0 %) 
 

30-39 645 (19.1 %) 412 (19.0 %) 233 (19.4 %) 
 

40-49 30 (0.9 %) 18 (0.8 %) 12 (1.2 %) 
 

Mother's age during 

birth of the child 

(Years) 23.66 (5.51) 23.49 (5.45) 23.98 (5.61) 0.014 

 

Mother's education Primary or less 1,173 (33.5 %) 807 (34.0 %) 366 (32.0 %) 0.462 

Secondary or 

higher 

2,289 (66.5 %) 1,479 (66.0 %) 810 (68.0 %) 
 

Birth order First child 1,298 (36.9 %) 817 (35.6 %) 481 (40.5 %) 0.011 

Second or higher 2,164 (63.1 %) 1,469 (64.4 %) 695 (59.5 %) 
 

Antenatal care visits 0-3 1,808 (53.2 %) 1,327 (57.6 %) 481 (40.9 %) 0.000 
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All participants 

(N=3,462) 

Rural participants 

(N=2,286) 

Urban participants 

(N=1,176) 

 

# of children 3,462 
 

2,286 
 

1,176 
  

  
Mean 

or N 

(sd or %) Mean or 

N 

(sd or %) Mean or 

N 

(sd or %) p 

value 

4 or more 1,654 (46.8 %) 959 (42.4 %) 695 (59.1 %) 
 

Place of birth Health facility 1,778 (51.0 %) 1,034 (46.6 %) 744 (63.5 %) 0.000 

Home delivery 1,684 (49.0 %) 1,252 (53.4 %) 432 (36.5 %) 
 

Sex of the child Female 1,672 (48.2 %) 1,069 (47.3 %) 603 (50.7 %) 0.087 

Male 1,790 (51.8 %) 1,217 (52.7 %) 573 (49.3 %) 
 

Household Size (Number) 6.2 (2.70) 6.3 (2.72) 5.8 (2.60) 0.000 

Media exposure No 1,613 (45.8 %) 1,258 (52.2 %) 355 (28.1 %) 0.000 

Yes 1,849 (54.2 %) 1,028 (47.8 %) 821 (71.9 %) 
 

Religion Islam 3,216 (93.2 %) 2,127 (92.9 %) 1,089 (94.1 %) 0.462 

 
Others 246 (6.8 %) 159 (7.1 %) 87 (5.9 %) 

 

Notes:  

*Means and percentages were calculated using weights provided in the BDHS dataset. Statistical significance of urban-

rural differences was evaluated using two-tailed Student’s t-tests for continuous variables and chi-squared tests for 

categorical variables. 

 

*The table provides information on all children in the age range of 0-23 months.  

Sd: standard deviation; N indicates the total number of observations for each attribute 
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4.3.2 VACCINATION COVERAGE 

Table 4.4 presents information on the coverage of the 13 vaccine doses 

recommended in the first year of life according to the EPI schedule of Bangladesh. 

Vaccination data for approximately 1 in 4 children was based on reports by mothers, 

indicating gaps in vaccination documentation.  

Table 4.4: Coverage of EPI vaccinations among children aged 12-23 months in the 

Bangladesh Demographic and Health Survey, 2017-18 
 

N Covered, 

documented 

Covered, 

maternal 

recall only 

Total Covered 

(Documented+Maternal 

recall) 

Not covered 

BCG 1,666 73.7 % 24.6 % 98.3% 1.7 % 

Penta 1 1,666 74.0 % 24.5 % 98.5% 1.5 % 

Penta 2 1,666 73.5 % 24.0 % 97.5% 2.5 % 

Penta 3 1,666 73.0 % 22.9 % 95.9% 4.1 % 

OPV 1 1,666 73.6 % 24.7 % 98.3% 1.7 % 

OPV 2 1,664 73.3 % 23.6 % 96.9% 3.1 % 

OPV 3 1,664 72.9 % 21.9 % 94.8% 5.2 % 

IPV1 1,666 0.42% 0.0% 0.42% 99.58% 

IPV2 1,666 0.24% 0.0% 0.24% 99.76% 

Pneumococcal 

1 

1,666 73.3 % 24.1 % 97.4% 2.6 % 

Pneumococcal 

2 

1,665 72.9 % 23.4 % 96.3% 3.7 % 

Pneumococcal 

3 

1,665 70.8 % 21.6 % 92.3% 7.7 % 

Measles 1,666 67.5 % 22.7 % 90.2% 9.8 % 

*Notes:  Estimates of vaccination coverage are based on proportion of vaccination received 

among children who were aged 12-23 months during the time of the interview. 
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Coverage rates for most vaccine doses were high. Considering both documented 

and maternal recall data, coverage for the single dose of BCG was 98%. Except IPV, the 

first dose of all multidose vaccines, including measles, exceeded 90% coverage ranging 

from 90. to 98.50% for Penta1. The coverage for both doses of IPV was less than 1%.  

 There were minimal differences in the documented coverage between the first and 

subsequent doses (e.g., 74% for first dose of Pentavalent vaccine vs 73% for the third dose.) 

Similar statistics were observed for OPV and pneumococcal vaccine doses. The lowest 

coverage was reported for the measles vaccine (90%). On average, rural children presented 

marginally higher proportions of vaccination coverage than urban children (figure 4.1), 

however, the difference was not statistically significant in any of the doses.
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Figure 4.1: Rural Urban distribution of total vaccination coverage (Documented + maternal recall) among children aged 12-23 months 

in Bangladesh  
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4.3.3 VACCINATION TIMELINESS 

Table 4.5: Timeliness of EPI vaccinations among age-eligible children ages 0-23 months 

in the Bangladesh Demographic and Health Survey, 2017-18  

All Children Timely1 Late 

Not 

received2 Total (N)3 

Not 

eligible 4 

 

Unknown

5 

BCG 608(24%) 1707 (68%) 196 (8%) 2512 163 788 

OPV 1 1738(75%) 474 (21%) 97 (4%) 2310 135 766 

OPV 2 1298(58%) 778 (34%) 192 (8%) 2267 176 637 

OPV 3 924(43%) 978 (45%) 293 (13%) 2195 172 558 

Penta 1 1756(76%) 480 (21%) 82 (4%) 2318 125 766 

Penta 2 1307(58%) 786 (35%) 164 (7%) 2258 170 653 

Penta 3 986(44%) 965 (44%) 267 (12%) 2218 133 575 

Pneumococcal 1 1712(73%) 491 (21%) 135 (6%) 2339 140 731 

Pneumococcal 2 1272(56%) 800 (35%) 208 (9%) 2279 177 627 

Pneumococcal 3 543(24%) 1354 (60%) 367 (16%) 2263 139 533 

Measles 992(66%) 298 (20%) 215 (14%) 1505 127 466 

Rural children Timely Late 

Not 

received2 Total (N)3 

Not 

eligible 4 unknown5 

BCG 438(37%) 1237 (68%) 146 (8%) 1820 131 597 

OPV 1 1220(73%) 381 (23%) 74 (4%) 1675 96 585 

OPV 2 897(54%) 618 (37%) 151 (9%) 1665 122 474 

OPV 3 640(40%) 752 (46%) 225 (14%) 1617 122 412 

Penta 1 1232(73%) 385 (23%) 63 (4%) 1681 87 586 

Penta 2 901(54%) 627 (38%) 127 (8%) 1655 119 488 

Penta 3 687(43%) 744 (46%) 202 (12%) 1632 94 424 

Pneumococcal 1 1197(71%) 395 (23%) 104 (6%) 1696 101 557 

Pneumococcal 2 877(53%) 635 (38%) 161 (10%) 1673 123 467 

Pneumococcal 3 386(23%) 1003 (60%) 272 (16%) 1661 101 396 

Measles 747(67%) 213 (19%) 157 (14%) 1117 99 333 

Urban children Timely Late 

Not 

received2 Total (N)3 

Not 

eligible4 unknown5 

BCG 170(25%) 470 (68%) 51 (7%) 691 32 191 

OPV 1 518(82%) 94 (15%) 23 (4%) 635 39 180 

OPV 2 401(67%) 160 (27%) 40 (7%) 602 54 163 

OPV 3 284(49%) 227 (39%) 68 (12%) 578 50 146 
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All Children Timely1 Late 

Not 

received2 Total (N)3 

Not 

eligible 4 

 

Unknown

5 

Penta 1 524(83%) 95 (15%) 18 (3%) 638 37 181 

Penta 2 406(68%) 159 (26%) 37 (6%) 603 51 165 

Penta 3 299(51%) 221 (38%) 65 (11%) 585 39 150 

Pneumococcal 1 516(80%) 96 (15%) 31 (5%) 643 39 174 

Pneumococcal 2 394(65%) 165 (27%) 47 (8%) 607 54 160 

Pneumococcal 3 158(26%) 351 (58%) 95 (16%) 603 39 137 

Measles 245(64%) 85 (22%) 57 (15%) 388 28 133 

1 Vaccinations are classified as “timely” if received between 7 days prior and 4 weeks (28 days) 

after the recommended age for the respective vaccine dose.  

2 Includes documented non-receipt and maternal reports of non-receipt of the respective vaccine 

dose 

3 Total (N) for each vaccine dose indicates the number of children who were either vaccinated or, 

if not vaccinated, at least 28 days older than the recommended age.  Vaccination timeliness was 

calculated only for vaccine-eligible children (i.e., children old enough to receive the vaccine) with 

written documentation of vaccination or maternal report of non-receipt of vaccination. 

Therefore, N for each dose of vaccination varies as different vaccine doses are 

recommended at different ages of the child) 

4 Children who were old enough to receive the vaccine dose, had not yet received the vaccine, but 

were within 28 days of the recommended age for the vaccine dose, as well as those with 

documented vaccination but unknown, incomplete, or invalid vaccination dates.  

5 Positive Vaccination reported by the mother, but no documentation was available. 

*IPV was not included in timeliness analysis because of very low coverage 

Notes: *Sampling weights were applied for counts and percentage. 
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Table 4.5 presents the distribution of vaccination timeliness among Bangladeshi 

children ages 0-23 months. The proportion of children receiving timely vaccination for 

different vaccine doses ranged from 24.2% for BCG to 76% for Penta 1. The proportions 

reduced dramatically for subsequent doses in multidose vaccine series, e.g., only 58% and 

44% of children received the second and third doses, respectively, of the pentavalent 

vaccine in a timely manner. This decreasing pattern was also observed for the OPV and 

PCV vaccine series. As coverage for both doses of IPV were less than 1%, there were not 

enough observations to include these doses in the timeliness analyses. Thus, both doses 

were excluded from the timeliness analyses. Notably, rural children presented a higher 

proportion of timely vaccination for BCG and Measles than their urban counterparts. This 

pattern is reversed for OPV, Penta and PCV vaccine series, where urban children showed 

a higher proportion of timely vaccination.  

Table 4.6:  Distribution of age of the children in days by which specific proportion of the 

children has received different vaccine doses. 

    Age in days by which specific proportion of vaccine dose was achieved  

  Mean 1% 10% 25% 50% 75% 90% 99% 

BCG 54.4 1 13 25 44 61 85 427 

Penta1 70.6 36 44 48 58 70 93 422 

Penta2 110.4 67 75 81 92 112 145 566 

Penta3 151.9 94 106 113 128 156 202 623 

OPV1 71.9 36 44 48 58 70 95 475 

OPV2 113.2 67 75 81 93 113 147.5 590 

OPV3 156.6 94 106 114 129 158 212 655 

PCV1 74.8 36 44 48 58 71 100 534 

PCV2 115.1 67 75 81 93 115 152 613 

PCV3 176.9 94 109 123 147 182 256 680 

Measles 317.8 260 271 277 291 313 389 683 
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Table 4.6 and Figure 4.2 present children’s age by which specific proportion of 

different vaccine doses were achieved. Notably, these numbers only include children with 

documented information on vaccination timeliness. For BCG, 50% vaccination was 

achieved approximately by the age of 7 weeks, 90% coverage was achieved by the age of 

12 weeks. 99% coverage was achieved by the age of approximately 61 weeks, which 

indicates extreme delay in vaccination for the final 10%. For the first dose of the Penta 

and OPV multidose vaccine series, 70% vaccination coverage was achieved by the age of 

10 weeks, which by definition of our study was within the limit of timely vaccination. 

However, for subsequent doses the magnitude of delay was much higher. 

For all vaccine doses, extreme delays were observed to achieve the final 10% of 

vaccination, which is reflected by the mean age of vaccination being significantly higher 

than the median age (50th percentile) of vaccination.  

Figure 4.3 shows a graphical presentation of the difference between coverage and 

timeliness. There is a huge gap between the number of children receiving the vaccines 

within their first year of life vs. the number of children receiving the vaccines in a timely 

manner. The largest gaps between coverage and timeliness were observed for the BCG 

and Pneumococcal 3 vaccines.



 

   
 

4
8
 

 

Figure 4.2: Distribution of age of the children in weeks by which specific proportion of the children has received different vaccine 

doses.
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Figure 4.3: Comparison of vaccination coverage and timeliness for vaccine doses in the EPI schedule. 
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Table 4.7 : Correlates of timely vaccination for different vaccine doses among 0-23-month-old children in the 2017-18 BDHS 

 Penta1 (N=2228)  Penta2 (N=2137)  Penta3 (N=2027)  BCG (N=2474)  Measles (N 

_ aHR P>z 
[95% Conf. 

Interval] 
 aHR P>z 

[95% Conf. 

Interval] 
 aHR P>z 

[95% Conf. 

Interval] 
 aHR P>z 

[95% Conf. 

Interval] 
 aHR P>z 

[95% Conf. 

Interval] 

Residence (ref: 

urban) 
                        

Rural 0.76 0.000 0.67 0.86  0.84 0.005 0.74 0.95  0.97 0.636 0.86 1.10  0.88 0.018 0.78 0.98  1.23 0.056 0.99 1.53 

                         

Wealth 

quintiles (ref: 

poorest 

quintile) 

                        

Poorer 0.95 0.491 0.82 1.10  0.92 0.258 0.79 1.06  0.90 0.167 0.77 1.05  0.99 0.907 0.86 1.15  1.09 0.534 0.84 1.41 

Middle 0.98 0.785 0.84 1.14  0.98 0.831 0.84 1.15  0.91 0.247 0.77 1.07  0.98 0.848 0.84 1.15  0.92 0.576 0.68 1.24 

Richer 1.24 0.014 1.04 1.47  1.19 0.046 1.00 1.41  1.16 0.090 0.98 1.39  1.04 0.656 0.88 1.22  0.98 0.911 0.73 1.32 

Richest 1.23 0.022 1.03 1.46  1.25 0.020 1.04 1.51  1.16 0.142 0.95 1.41  1.03 0.764 0.87 1.21  1.00 1.000 0.71 1.40 

                         

Mother's age 

during the 

birth of the 

child 

                        

20-24 1.10 0.172 0.96 1.25  1.06 0.392 0.93 1.22  1.03 0.689 0.89 1.19  0.95 0.417 0.84 1.07  1.14 0.331 0.88 1.47 

25-29 1.18 0.047 1.00 1.38  1.20 0.039 1.01 1.42  1.19 0.053 1.00 1.42  1.07 0.396 0.92 1.25  1.52 0.007 1.12 2.07 

30-49 1.04 0.637 0.87 1.25  1.15 0.158 0.95 1.39  1.25 0.026 1.03 1.51  0.99 0.946 0.84 1.18  1.55 0.007 1.13 2.14 

                         

Mother's 

education 

(Ref: No 

education/<pri

mary) 

                        

Primary 0.99 0.954 0.79 1.25  0.99 0.905 0.77 1.25  0.94 0.619 0.74 1.19  0.96 0.724 0.75 1.22  1.03 0.900 0.70 1.51 

Secondary or 

higher 

  

1.17 0.163 0.94 1.46  1.17 0.191 0.93 1.48  1.14 0.255 0.91 1.43  1.07 0.580 0.84 1.35  1.36 0.115 0.93 1.98 

                         

Birth order 

(Ref: First 

born) 
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 Penta1 (N=2228)  Penta2 (N=2137)  Penta3 (N=2027)  BCG (N=2474)  Measles (N 

_ aHR P>z 
[95% Conf. 

Interval] 
 aHR P>z 

[95% Conf. 

Interval] 
 aHR P>z 

[95% Conf. 

Interval] 
 aHR P>z 

[95% Conf. 

Interval] 
 aHR P>z 

[95% Conf. 

Interval] 

Second or 

higher 
0.91 0.160 0.80 1.04  0.94 0.375 0.82 1.08  0.96 0.543 0.83 1.10  0.99 0.907 0.88 1.12  0.72 0.010 0.56 0.92 

                         

Number of 

ANC visit 

(Ref: <4) 

                        

4 or more 1.16 0.003 1.05 1.28  1.21 0.000 1.09 1.33  1.19 0.002 1.07 1.32  1.17 0.002 1.06 1.29  1.18 0.081 0.98 1.43 

                         

Place of Birth 

(Ref: Facility 

delivery) 

                        

Home delivery 0.92 0.090 0.83 1.01  0.90 0.036 0.81 0.99  0.87 0.012 0.78 0.97  0.93 0.154 0.85 1.03  1.00 0.993 0.83 1.20 

                         

Gender of 

Child (Ref: 

Female) 

                        

Male 0.99 0.846 0.90 1.09  1.03 0.607 0.93 1.13  1.05 0.343 0.95 1.17  1.03 0.526 0.94 1.13  0.94 0.483 0.80 1.11 

                         

Household 

size 
0.98 0.069 0.97 1.00  0.99 0.302 0.97 1.01  1.00 0.875 0.98 1.02  0.99 0.139 0.97 1.00  1.00 0.968 0.96 1.04 

                         

Media 

exposure (ref: 

no) 

                        

Yes 1.14 0.013 1.03 1.26  1.06 0.295 0.95 1.19  1.13 0.047 1.00 1.27  1.12 0.041 1.00 1.24  1.10 0.377 0.89 1.36 

                         

Religion (ref: 

Islam) 
                        

Others 0.95 0.524 0.80 1.12  0.93 0.390 0.78 1.10  0.92 0.381 0.77 1.11  0.95 0.539 0.79 1.13  0.99 0.947 0.73 1.35 

Notes: Adjusted hazard ratios (aHR) and their 95% confidence intervals (CI) obtained from cox proportional hazard models. Survival data 

analyzed using weights to account for the complex sampling design of the BDHS. Bold P value indicates statistical significance (p<0.05).  
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Table 4.7 presents the correlates of vaccination timeliness for different doses of the 

pentavalent vaccine as well as presents the correlates of timeliness for the BCG vaccine 

and the 1st dose of the Measles/Rubella vaccine among children ages 0-23 months. Children 

from households with a higher wealth index score were significantly more likely to receive 

the first and second doses of the pentavalent vaccine at an earlier age than those with a 

lower wealth index score. However, the wealth index was not associated with timely 

vaccinations for BCG and Measles.   A higher number of antenatal visits was positively 

associated with early receipt of all vaccine doses evaluated except Measles. Children whose 

mothers were 25-29 years old during the birth of the child, were more likely to receive all 

the doses of the pentavalent vaccine and the measles vaccine at an earlier age than those 

whose mothers were younger. Children who were born at home were significantly less 

likely to receive the second and third doses of the pentavalent vaccine at an earlier age than 

those who were born in a health facility. Children in rural areas were significantly less 

likely to receive the first and second doses of the Pentavalent vaccine and the BCG vaccine 

at an earlier age than urban children.  Even though having a second or higher birth order 

was negatively associated with timely vaccination of measles, the effect was small. Media 

exposure was positively associated with early receipt of Penta1, Penta 3 and BCG. 

Secondary or higher education for mothers was positively associated with timely 

vaccination of Measles, but not for other vaccines. Other characteristics were not 

significantly associated with vaccination timeliness of any of the vaccines.  
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4.4 Discussion:  

Using the 2017/18 BDHS, this study finds high rates of non-documentation of 

vaccination and low rates of vaccination timeliness in Bangladesh. Almost 15% of children 

did not have any vaccination documentation at the time of the interview and for an 

additional 17% the interviewer was not able to access the vaccination card. The 

documented coverage for different vaccine doses ranged from 68%-74%; however, when 

maternal reports were included, coverage ranged from 90-98%. While many studies 

reported that for multi-dose vaccines there is a significant drop in vaccination coverage for 

subsequent doses (3,80–82), in this study the magnitude in the drop was minimal. Our 

findings are comparable with those of a secondary data analysis of the 2014 BDHS by 

Sheikh et al., who reported more than 90% coverage for all the EPI vaccines except measles 

(86%) (79). Table 4.8 presents a side-by-side comparison of the coverage and timeliness 

estimates for different vaccine doses reported by the current study and the study by Sheikh 

et al. Coverage and timeliness estimate for all vaccine doses except Penta 3 and OPV 3 

were higher in 2017/18 than in 2014, whereas the timeliness of BCG was unchanged. 

Minimal coverage gaps between the 1st and 3rd doses suggest that the EPI program in 

Bangladesh has been able to ensure consistent coverage irrespective of vaccine doses. 

Bangladesh has a pluralistic health system, where private and non-governmental 

organizations play a significant role in delivering health services in addition to the public 

health systems. A vast network of public, private and NGO sector providers play an 

influential role in maintaining the high vaccination coverage in Bangladesh (83). 
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Table 4.8: Immunization Coverage and timeliness comparison among children aged 12-

23 months reported in the 2014 BDHS and the 2017-2018 BDHS. 

Vaccine Dose Coverage 

presented by 

Sheikh et al 

Coverage in the 

current study 

Proportion of 

timely vaccination 

presented by 

Sheikh et al 

Proportion of 

timely vaccination 

in the current 

study 

Data Source  BDHS 2014 BDHS2017-18 BDHS 2014 BDHS2017-18 

BCG 97.9% 98.3% 24.4% 24.2% 

Penta1 97.0% 98.5% 62.8% 75.7% 

Penta2 95.4% 97.5% 54.2% 58.1% 

Penta3 91.3% 95.9% 46.2% 43.7% 

OPV1 97.4% 98.3% 62.8% 74.7% 

OPV2 95.5% 96.9% 54.1% 57.9% 

OPV3 91.4% 94.8% 46.0% 43.1% 

Measles 86.0% 90.2% 52.3% 65.6% 

 

Unlike vaccination coverage, the proportion of children who received vaccinations 

in a timely manner significantly deteriorated in subsequent doses. Almost 76% of children 

received Penta1 in a timely manner compared to 44% for Penta 3. This decrease in 

timeliness was also observed for the second and third doses of the OPV and Pneumococcal 

vaccines.  A secondary analysis of 2014 BDHS data by Sheikh et al presented similar 

findings (79)(79). However, massive improvements have been observed in the timeliness 

proportion for 1st doses of both OPV and Pentavalent vaccines. There was significant 

improvement in the proportion of timely vaccination for OPV2, Penta2 as well as Measles. 

However, there was slight reduction in the timeliness proportion of both OPV3 and Penta3. 

No measurable progress was made in improving timeliness for the BCG birth dose, which 

remains very low.  Hanifi et al. reported that mother’s outreach health worker prefers to 

administer BCG at 6 weeks along with first dose of Pentavalent vaccines in order to 
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minimize workload. In addition they also reported that mother often prefer not to take their 

babies outside in the early days of life due to some traditional beliefs, which may contribute 

to low BCG vaccination within the first month of life (84). Substantial gaps between 

coverage and timeliness have also been reported in multiple studies in different countries 

including  Bangladesh (15,50,51,63,79,85,86) 

This study identified the number of antenatal visits as an important correlate of 

vaccination timeliness for all vaccine doses. Socioeconomic status and media exposure 

were also found to have positive associations with timely receipt of vaccination. By 

contrast, rural residence, home delivery, and higher birth order were associated with 

delayed receipt of vaccinations. Several prior studies identified these covariates as 

significant determinants of vaccination timeliness globally (39,47,48,50,85,87,88). Sheikh 

et also presented socioeconomic status and the number of antenatal visits as strong 

determinants of timeliness in Bangladesh, however access to media was not previously 

reported as a significant covariate (79). Almost half of the mother’s reported that they 

didn’t have media exposure on a regular basis (TV, radio, newspaper), however, given the 

improving mobile phone and internet penetration rate in the country, the potential role of 

targeted intervention among mobile phone using mothers and families could be explored 

further. Improved awareness about the vaccination schedule among pregnant women and 

young mothers, especially in the rural areas may result in improved adherence to 

vaccination schedule. Improved access to facility delivery and antenatal and postnatal visits 

may improve immunization awareness among mothers and family members and 

vaccination schedule adherence for children. Existing literature reported maternal 

education, gender of the child, antenatal the household size, and religion as significant 
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determinants of vaccination timeliness (44,49,50,68,87,89), however this study didn’t find 

any such relationship in the 2017/18 BDHS. and  

This study has several limitations. First, the results are based on secondary data that 

were not collected to answer questions on immunization timeliness. Specifically, a large 

proportion of the children did not have vaccination documentation, for these children the 

accuracy of coverage information based on maternal recall and the timeliness of 

vaccinations for these children could not be evaluated, and these children had to be 

excluded from the timeliness analyses. Our analysis of differences between children 

included in our timeliness analysis vs. those excluded due to missing vaccination 

information (see Appendix B, Table B.2) suggests that children whose mothers have access 

to media may be overrepresented and children with higher number of household size may 

be underrepresented in our analysis. As a result, our estimates may be subject to selection 

biases, however, the direction of those biases is unknown.  

The study may also have missed several key characteristics that maybe associated 

with vaccination receipt and timeliness, e.g., distance to health facilities, lack of resources, 

and supply-side factors impacting vaccine availability. Our model specification was 

limited to variables identified as correlates of vaccination in prior literature that were 

available in DHS data.   While the correlates of timeliness in our study align with the major 

domains of the vaccine hesitancy model, but many potential correlates of vaccine 

hesitance, coverage, and timeliness, were not available in the DHS data. The observed 

association of with the number of antenatal care visits correspond to the hesitancy domains 

of convenience and communication, as ANC provides opportunities for vaccine-related 

communication, but the number of ANC visits may be subject to similar barriers as 
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childhood vaccinations. Complacency may also be mitigated through appropriate disease- 

and vaccine-related risk communication during ANC visits. Similarly, place of delivery is 

likely to be related to two domains of the hesitancy models: communication and 

convenience.  Home-based delivery prevents the communication of vaccine-related 

information at the time of delivery; it also represents a barrier to vaccination for 

vaccinations due at birth, by requiring women to travel to health facilities providing 

vaccinations. On the other hand, positive association of the media exposure with timely 

vaccination corresponds principally to the communication domain, which ultimately have 

the potential to contribute to the confidence and complacency domains, by feeding vital 

information regarding the importance and safety of childhood vaccinations. Birth order is 

likely to be related with the convenience as it might not be convenient for the parents to 

timely vaccinate their younger children as they have to distribute the parental time and 

resources with increasing number of children.   

4.5 Conclusion: 

Our study findings demonstrate that despite high vaccination coverage, a large 

proportion of Bangladeshi children do not comply with the vaccination schedule, which 

likely impacts vaccine effectiveness nationally. The study highlights high vaccination 

coverage but also significant gaps in vaccination documentation and schedule adherence 

in Bangladesh. The study identified several correlates of vaccination timeliness that may 

help policy makers identify and prioritize gaps (e.g., explore why the proportion of timely 

vaccination is so low for the BCG and Pneumococcal vaccines). Additionally, focusing on 

the identified correlates of delayed vaccinations may guide them in planning targeted 

interventions to improve vaccination timeliness in Bangladesh. Increasing awareness about 
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immunizations, for example during antenatal visits or facility-based delivery, especially 

among rural mothers and mothers with more than one child, should be considered as a 

priority strategy. Notably, our study showed small but meaningful improvements in 

vaccination coverage and timeliness compared to the only previous nationally 

representative study by Sheikh et al. using the 2014 BDHS using the 2014 BDHS (79), 

however, the extent to which these improvements were sustained after the COVID 

pandemic is, at present, unknown. 
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5. CHAPTER 5: IMMUNIZATION TIMELINESS AND ITS 

CORRELATES IN THREE SOUTH ASIAN COUNTRIES: 

SECONDARY ANALYSIS OF DEMOGRAPHIC HEALTH 

SURVEYS BETWEEN 2017 AND 2019 
 

5.1 INTRODUCTION 

In the last three decades there have been considerable improvements in the under-five (U-

5) mortality rate. Despite this, more than half of all U-5 deaths are attributable to 

preventable and treatable diseases. Infectious diseases, such as pneumonia and other 

respiratory tract infections, diarrhea, and measles, are among the leading causes of deaths. 

Low- and middle-income countries (LMICs), including South Asian countries like 

Bangladesh, India or Pakistan, bear a disproportionately high burden of these deaths (1–5). 

According to the WHO, immunizations prevent 3.5 to 5 million deaths annually (8).  

Despite tremendous efforts to increase vaccination coverage, in 2021, 25 million children 

under the age of 1 year did not receive basic vaccines (11) and thus remained vulnerable 

to vaccine preventable diseases and increased morbidity, mortality and disability. 

Consequently, more than 3 million people, including 1.5 million U-5 children, die every 

year because of vaccine preventable diseases (12,13). Even in countries with high 

vaccination coverage, inequities exists through pockets of low coverage in different 

socioeconomic and geographic cohorts (14). Effective immunization programs hold 

potential to reduce U-5 mortality by protecting post neonatal infants and older children 

against preventable infectious diseases. In addition, some of the vaccines provide lifelong 
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immunity e.g., measles and rubella (10), contributing to lower morbidity and mortality 

during adult life.  

To achieve the full benefit of immunization, vaccines should be delivered in a 

timely manner (3,38–40,78). Immunization before the recommended age may result in 

failure to generate sufficient protective antibodies, thus reducing the effectiveness of 

immunization. By contrast, delayed vaccinations leave children vulnerable to infections. 

Vaccination delays have disproportionately negative implications for children in LMICs, 

where the median age for acquiring infections is lower relative to high-income countries 

(42). Delaying the first vaccine dose in a multi-dose vaccine series is a strong predictor of 

subsequent incomplete immunization (38,41).  

To-date, there is little evidence regarding vaccination timeliness in South Asian 

countries. There has been only one study in which vaccination timeliness was investigated 

in Bangladesh using a nationally representative dataset. Sheikh et al. conducted a 

secondary analysis of the 2014 Bangladesh Demographic and Health Survey (BDHS) data 

and demonstrated a large gap in schedule adherence to the EPI vaccines in Bangladesh 

(58–60). There have been two such nationally representative studies conducted in India 

based on the Household and Facility Survey 2008 and the National Family Health Survey 

4 (2015-16) (61,62). There is only one nationally representative study from Pakistan 

however, this was conducted using 2005-06 DHS data (63). Two other studies in India and 

Bangladesh which were limited to  specific region or hospital (42,64). This study aims to 

characterize and compare the immunization timelines for different EPI vaccines in three 

South Asian countries, Bangladesh, India and Pakistan, which have substantial socio-

cultural and geographical similarities between them. In addition, it aims to investigate the 
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correlates of timely vaccination. A more recent analysis of vaccination timeliness in these 

countries will reveal how the national vaccination systems are performing and what 

changes may have had a positive or negative impact on their performance over time. In 

addition, a cross-national comparison between neighboring countries with comparable 

sociocultural backgrounds will aid in understanding the factors associated with vaccination 

timeliness in the region. This study provides the first example for a cross-national 

comparative overview of vaccination timeliness in South Asia, which can guide researchers 

and policymakers to develop focused interventions based on the specific needs of each 

country and the region. 

 

5.2 METHODS 

5.2.1 Data Source: 

A secondary data analysis was conducted using data from three datasets obtained 

through United States Agency for International Development (USAID)’s Demographic and 

Health Surveys Programme: 

• Bangladesh Demographic and Health Survey, 2017-18  

• Pakistan Demographic and Health Survey, 2017-18  

• India National Family Health Survey, 2019-20 

Demographic and Health Surveys (DHS) are nationally representative household 

surveys that collect information on a broad range of topics in more than 100 countries (65). 

Topics include information on infant and child mortality, fertility, family planning, 

maternal health, child immunization, malnutrition, HIV prevalence, and malaria, among 

others. Data from these surveys are freely available and accessible to qualified researchers 
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and students. The indicators are comparable over time and across countries. This program 

is considered the largest and longest enduring survey program of its kind (USAID, 2018). 

DHS surveys use a stratified two stage cluster design. In the first stage, enumerations areas 

(EAs) are chosen from a pre-existing sampling frame (e.g., Census). A sample of 

households is subsequently drawn from each EA in the second stage.  

5.2.2 Research Design:  

This is a cross sectional analysis of data from the latest available DHS datasets from 

Bangladesh, India, and Pakistan. 

 

5.2.3 Study Population:  

Our preliminary study population included all children between the ages of 0-23 

months. Analyses of timeliness included only age-eligible children, i.e., children who were 

old enough to receive a particular vaccine dose. Notably, the DHS collected vaccination 

information from either vaccination cards or historical recall data from maternal report 

when the vaccination card was missing. However, vaccination dates were not collected for 

children whose immunization status was only reported by the mother. We therefore 

considered the following inclusion and exclusion criteria for our analyses of timeliness: 

Inclusion Criteria: 

• Children who were 0-23 months old at the time of the interview 

• For the descriptive analysis of timeliness, children at least 28 days older than the 

minimum age to receive a particular dose of the vaccine.  

• For the multivariable analysis, children at least as old as the recommended age of 

vaccination. 
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Exclusion Criteria: 

• Children with a vaccination card but no date of vaccination or an invalid date for 

the particular vaccine dose.  

• Children with no vaccination card. However, in case a mother reported non-

vaccination for a particular dose, it was included in the analyses and was recorded 

as not received.  

5.2.4 Definition of Vaccination Timeliness:  

The immunization schedules for all routine vaccines due in children’s first year of 

life and implemented through the EPI programs of Bangladesh, India and Pakistan are 

presented in Table 5.1 (67). 

 

DHS collected data on the date of birth of the child, and, for children with 

vaccination documentation, the date of each vaccination in the EPI schedule. The child’s 

age at vaccine receipt, in days, was calculated as the difference between the date of 

vaccination receipt as recorded in the vaccination documentation and the date of birth of 

the child. Based on the vaccination schedule presented in tableT 1 vaccination timeliness 

was defined as follows: 

Timely Vaccination: In descriptive analyses, timely vaccination was defined as receipt of 

the vaccine between 7 days prior to and 28 days after the recommended age. For example, 

the first dose of the Pentavalent vaccine (Penta1) is due at age 6 weeks (42 days). Thus, 

any Penta1 dose received between the ages of 35-70 days was considered timely.  
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Delayed Vaccination: Delayed vaccination was defined as the receipt of the vaccine more 

than 28 days after the recommended age. Thus, any Penta1 dose received after the age of 

70 days was considered delayed. 

No vaccination: In cases where the vaccination card or the mother reported that a particular 

dose was not received by the children then that children was considered as not vaccinated 

for that particular dose. 

In multivariable analyses, timeliness was assessed by the time, in days, between the 

recommended age as outlined in the vaccine schedule, and the actual age at the time of 

vaccination receipt.  

Some observations in the dataset contain gaps in vaccination history in the case of 

multi-dose vaccine series, e.g., the data may show that a child received the 1st and 3rd doses 

of the Pentavalent vaccine but missing the 2nd dose. The Guide to DHS Statistics suggests 

that in such a scenario the 3rd dose be recoded as the 2nd dose. (66).(66). We addressed such 

issues as recommended in the Guide. Table 5.2 describes the definition of timeliness for 

those vaccine doses that were included in the EPI schedules of all 3 countries at the time 

of the surveys.  

5.2.5 Statistical Analysis 

All statistical analyses were conducted using STATA 15 SE (Stata Corp, College 

Station, TX). Sampling weights were applied as recommended in the DHS data analyses 

guidelines (66) in order to account for the complex survey design of the DHS.  

Descriptive analysis was conducted to present (1) sociodemographic information and 

vaccination documentation information of children ages 0-23 months at the time of the 

interview and their mothers; (2) proportions of children receiving timely vaccination for 
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different vaccine doses among age-eligible children ages 0-23 months, i.e., children who 

were old enough to receive a particular vaccine dose. 

Table 5.1: EPI vaccination schedule for infants. 

Vaccine Bangladesh India Pakistan 

Bacillus Calmette–Guérin (BCG): 

One dose 

Birth Birth Birth 

Pentavalent Vaccine (Diphtheria, 

Pertussis, Tetanus, Hepatitis B and 

Hib): Three doses 

6 weeks 

10 weeks 

14 weeks 

6 weeks 

10 weeks 

14 weeks 

6 weeks 

10 weeks 

14 weeks 

Oral Polio Vaccine (OPV): Three 

doses 

 

6 weeks 

10 weeks 

14 weeks 

0 weeks* 

6 weeks 

10 weeks 

14 weeks 

0 weeks* 

6 weeks 

10 weeks 

14 weeks 

Pneumococcal Conjugate Vaccine 

(PCV): Three doses 

6 weeks 

10 weeks 

14 weeks 

6 weeks 

10 weeks 

14 weeks 

6 weeks 

10 weeks 

14 weeks 

Inactivated Polio Vaccine (IPV): Two 

doses 

6 weeks  

14 weeks 

6 weeks  

14 weeks 

6 weeks  

14 weeks 

Measles and Rubella Vaccine (MR): 

One dose 

9 months  9 months  9 months  

*OPV is recommended at birth for India and Pakistan. For Bangladesh the first dose of OPV is recommended at 6 weeks. 

By the time this survey was conducted, IPV and PCV were not integrated in the national immunization program of India.  

Thus, OPV0, Pneumococcal vaccine series and IPVs were not included in the analyses to maintain uniformity 

across the 3 countries.  
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Table 5.2: Definition of the timeliness of vaccine administration. 

Vaccine Recommended 

Vaccine Schedule 

(age in days) 

 Timeliness of vaccinations based on the age of the child at 

the time of vaccine administration (age in days) 

   Timely Delayed 

Bacillus Calmette–

Guérin (BCG) 

At birth  BCG: 0 to 28 days BCG: 29 days or more 

Oral Polio Vaccine 

(OPV) 

OPV1: 42 days   OPV1: 35 to 70 days OPV1: 71 days or more 

OPV2: 70 days OPV2: 63 to 98 days OPV2: 99 days or more 

OPV3: 98 days OPV3: 91 to 126 days OPV3: 127 days or more 

Pentavalent Vaccine 

(Penta: Diphtheria, 

Pertussis, Tetanus, 

Hepatitis B and Hib) 

Penta1/DTP1: 42 

days 

Penta2/DTP2: 70 

days 

Penta3/DTP3: 98 

days 

 Penta 1/DTP1: 35 to 70 days Penta 1/DTP1:71 days or more 

Penta 2/DTP2: 63 to 98 days Penta 2/DTP2: 99 days or 

more 

Penta 3/DTP3: 91 to 126 days Penta 3/DTP3: 127 days or 

more 

Measles and Rubella 

Vaccine (MR) 

266 days  MR: 259 to 294 days MR: 294 days and more 

 

 Survival analysis was used to model time to vaccination. The event of interest was 

the receipt of the vaccine dose for which timeliness was being analyzed. If the child had 

not received the vaccine dose by the time of the interview, the data were considered 

censored. Correlates of timely vaccination were examined using Cox proportional hazard 

models, where the recommended age of vaccination was designated as time zero. If a child 
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received a vaccination on or prior to the recommended age, the time to vaccine initiation 

was adjusted as very close to zero (recoded to 1x10-6 days after time zero).  

 Based on a review of existing literature (2,68)(2,68) we included the following 

correlates of vaccination timeliness in our cox regression model: rural vs. urban residence, 

wealth index quintile, mother’s age at birth (15-19, 20-24, 25-29, above 30 years), maternal 

education (primary education or less, secondary or higher education, birth order (first born 

vs. second or higher order), number of antenatal visits (0-3, 4 or more), place of delivery 

(facility delivery, home delivery), gender of the child (male, female), household size 

(number of persons) and media exposure (yes, no).  

 The Cox hazard model estimated the hazard of receiving the vaccine dose at an 

earlier or later time compared to the reference group. A hazard ratio more than 1 indicates 

that children with the respective characteristic had a higher risk of the event occurring 

earlier. On the other hand, a hazard ratio less than 1 indicates that the characteristic was 

associated with a lower risk of the event occurring earlier (i.e., a higher chance of receiving 

the vaccine at a later point than the reference group). As the schedules of the OPV and 

Penta vaccine series coincide, we considered the timeliness of the Pentavalent vaccine 

doses as proxies for other vaccine doses due at the same time. Thus, survival models were 

estimated for the BCG, vaccine due at birth, the Pentavalent vaccine series due at 6, 10, 

and 14 weeks of age, and the 1st dose of the Measles vaccine due at age 9 months.  

 To assess potential selection biases from excluding children with unknown 

vaccination coverage or timeliness, we compared the characteristics of children who were 

included in the hazard models to those who were excluded due to lack of vaccination 

documentation or due to missing data on vaccination dates. In descriptive analyses, 
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Student’s t-tests and chi-squared statistics were used to assess statistical significance; a 

logistic regression model assessed selection bias in a multivariable model.  

 

5.3 Result:  

 Table 5.3 presents the major sociodemographic characteristics of mothers and their 

children ages 0-23 months from Bangladesh, India and Pakistan. Approximately two-thirds 

of the children resided in the rural areas for both Bangladesh and Pakistan. For India the 

proportion of rural residence was much higher (80%). 

The male-to-female ratio among the children was close to 1 for all three countries. 

Bangladesh presented the highest level of maternal education, followed by India and 

Pakistan. The proportion of facility delivery was highest for India (89.80%), while 75% 

of Pakistani children were born at health facilities. In Bangladesh the proportions of 

facility and home delivery were nearly equal. In terms of vaccination documentation, 

almost one third of the mother from Bangladesh and Pakistan failed to present a 

vaccination card during the interview, while in India almost 88% of mothers were able to 

present the documentation.  
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Table 5.3: Sociodemographic characteristics of eligible mothers and their children aged 

0-23 months from three South Asian Countries.  

   

 Bangladesh 

(N=3462) 

  India (N=86516)   Pakistan (N=3860) 

    
Mean or 

N 

(sd or %)   
Mean 

or N 

(sd or %)   
Mean or 

N 

(sd or %) 

Residence 

Rural 2,286 66.0%   17,503 80.12%   2,081 66.5% 

Urban 1,176 34.0%   22,883 19.88%   1,779 33.5% 

Wealth index 

score 

 Mean -0.004 0.1   -0.008 0.1   -0.004 0.1 

Mother's age Mean 686 20.3%   25.95 4.81   239 5.3% 

Mother's marital 

status 

Currently 

married 

3,428 99.1%   85588 98.93%   3,835 99.1% 

Currently 

not married 

34 0.9%   928 1.07%   25 0.9% 

Mother's age at 

birth 

(Years) 18.5 3.24   25.03 4.7   21.5 3.93 

Mother's 

education 

Primary or 

less 

1,173 33.5%   26,783 30.96%   2,505 62.0% 

Secondary 

or higher 

2,289 66.5%   59,733 69.04%   1,355 38.0% 

Birth order 

First child 1,298 36.9%   34,017 39.32%     911 24.5% 

Second or 

higher 

2,164 63.1%   52,499 60.68%   2,949 75.5% 

Antenatal care 

visits 

3 or less 1,808 53.2%   34,698 40.11%   1,777 43.8% 

4 or more 1,654 46.8%   51,818 59.89%   2,083 56.2% 

 

          

Media exposure No 1,613 45.8%   44,871 51.86   2,037 50.4% 
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 Bangladesh 

(N=3462) 

  India (N=86516)   Pakistan (N=3860) 

    
Mean or 

N 

(sd or %)   
Mean 

or N 

(sd or %)   
Mean or 

N 

(sd or %) 

Yes 1,849 54.2%   61,997 48.14   1,823 49.6% 

          

Place of birth 

Health 

facility 

1,778 51.0%   77,695 89.80%   2,787 74.9% 

Home 

delivery 

1,684 49.0%   8,821 10.20%   1,073 25.1% 

Sex of the child 

Female 1,672 48.2%   41,926 48.46%   1,918 49.7% 

Male 1,790 51.8%   44,590 51.54%   1,942 50.3% 

Vaccination 

documentation 

No card 505 14.5%   2,320 2.68%   976 19.1% 

Have card, 

but not seen 

by surveyor  

593 17.5%   8,438 9.75%   669 17.1% 

Seen by 

surveyor 

2,364 68.0%   75,758 87.57%   2,215 63.8% 

Number of 

household 

members 

Mean 6.2 2.7   6.35 2.62   9.2 4.71 

Notes: *Means and percentages were calculated using weights provided in the BDHS dataset. Statistical 

significance of urban-rural differences was evaluated using two-tailed Student’s t-tests for continuous 

variables and chi-squared tests for categorical variables. 

*The table provides information on all children in the age range of 0-23 months.  

Sd: standard deviation; N indicates the total number of observations for each attribute 
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Table 5.4 presents the proportion of eligible children with timely or delayed vaccination 

in the three countries. Figure 1 presents a visual comparison of the three countries. Apart 

from the BCG vaccine, the proportions of timely vaccination for all vaccine doses were 

higher in Bangladesh compared to India and Pakistan. The proportion of timely vaccination 

was lowest among Pakistani children. Only 53% of Pakistani children received the 1st dose 

of the Pentavalent vaccine within 28 days of the recommended age, compared to 72% in 

Bangladesh and 57% in India. Similar patterns were observed across all vaccine doses 

except BCG. 

Table 5.4: Proportion of eligible children with timely or delayed vaccination in 

Bangladesh, India and Pakistan 

 Bangladesh India Pakistan 

 
Timely Late Not 

received 

Timely Late Not 

received 

Timely Late Not 

received 

BCG 24% 68% 8% 69% 19% 12% 62% 19% 19% 

OPV 1 75% 21% 4% 59% 25% 16% 59% 29% 13% 

OPV 2 58% 34% 8% 44% 38% 19% 43% 36% 20% 

OPV 3 43% 45% 13% 31% 46% 23% 31% 37% 33% 

Penta 1 76% 21% 4% 61% 25% 13% 53% 24% 24% 

Penta 2 58% 35% 7% 45% 38% 17% 39% 31% 30% 

Penta 3 44% 44% 12% 31% 46% 22% 28% 34% 38% 

Measle

s 

66% 20% 14% 43% 28% 29% 41% 21% 38% 

 

Only 24% of Bangladeshi children received the BCG vaccine within 28 days of the 

recommended age compared to 69% in India and 62% in Pakistan respectively. Notably, 

in all three countries, for multidose vaccines, the proportion of children receiving timely 

vaccination decreased in subsequent doses.
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Figure 5.1: Distribution of timeliness of Immunization for different vaccine doses in 3 South Asian countries 
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DISTRIBUTION OF TIMELINESS OF IMMUNIZATION FOR DIFFERENT VACCINE DOSES 
IN 3  SOUTH ASIAN COUNTRIES
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5.3.1 Correlates of timely vaccination 

Figures 5.2 to 5.6 present hazard ratios for different correlates of timely vaccination 

for different vaccine doses in Bangladesh, India and Pakistan. In the figure, the red dots 

indicate the Hazard Ratios (HRs) for each correlate and the blue lines indicate the 

corresponding 95% confidence intervals. The black vertical reference line for each forest 

plot indicates a hazard ratio of 1. If the red dot falls on the right side of the central line, this 

indicates that children with the respective characteristic had a higher risk of receiving the 

particular vaccine dose earlier and vice versa. If the blue line (95% CI) touches the 

reference line, it indicates that the specific characteristic is not statistically significantly 

associated with timely vaccination. In the case that the blue line doesn’t touch the reference 

line, this indicates that the specific characteristic has a statistically significant association 

with timely vaccination of the particular dose. 

Wealth index quintile, number of antenatal visits, place of delivery, media 

exposure, birth order, and urban vs. rural residence were found to have statistically 

significant associations with timely vaccination for multiple vaccine doses across all three 

countries (Annex A). Household wealth, the number of antenatal visit (4 or more), and 

media exposure showed positive associations, while home delivery and second or higher 

birth order showed negative associations with timely vaccination. For India rural residence 

was slightly positively associated with timely vaccination of multiple vaccine doses (Penta 

2, Penta3 and Measles) but for Bangladesh rural residence presented strong negative 

association (aHR: 0.76-0.88) with timely vaccination with the Penta 1, Penta3 and BCG 

vaccines.  However, for Measles vaccine the direction of the association was inverse (aHR: 

1.23), despite being marginally not significant statistically. Several additional, country-
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specific associations were observed. In Bangladesh, children of mothers whose age at first 

birth was 25 years or older were more likely to receive the Pentavalent and BCG vaccines 

earlier than those who were younger than 20 years (the reference group). For India, this 

association was observed only for the second dose of the Pentavalent vaccine, while for 

Pakistan there was no statistically significant association between maternal age and 

vaccination timeliness. 

In terms of the magnitude of the association, the effect size and significance for 

number of antenatal visits were roughly comparable across the three countries. Household 

wealth presented maximum impact in Pakistan (aHR   ranging from 1.21 to 1.93 for 

different wealth quintiles and vaccine doses). In Bangladesh the rich and richest had a 

sizeable effect (aHR: 1.19 to 1.25) on timely vaccination of the first two doses of 

pentavalent vaccines. While in India despite being statistically significant for all vaccine 

doses the effect, size varied from marginal to modest (aHR: 1.05 to 1.26). 

For Pakistan higher level of maternal education was strongly associated with higher 

likelihood of receiving timely vaccination for all doses (aHR: 1.52 to 1.78) compared to 

those who reported less than primary education or no education. In India, despite being 

statistically significant the magnitude of impact was modest (aHR: 1.09-1.22). However, 

for Bangladesh there was no significant association between maternal education and timely 

vaccination. Greater household size was associated with slightly lower likelihood of 

receiving timely vaccination for all vaccine doses in Pakistan (aHR: 0.88-0.93). However, 

for India the effect was marginal despite being statistically significant (aHR: 0.96-0.97). 

Household size did not show significant associations in Bangladesh.  
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Figure 5.2: Forest Plot presenting the association of different correlates of timely receipt of BCG vaccine in Bangladesh, India and 

Pakistan 
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Figure 5.3: Forest Plot presenting the association of different correlates of timely receipt of Penta1 vaccine in Bangladesh, India and 

Pakistan 
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Figure 5.4: Forest Plot presenting the association of different correlates of timely receipt of Penta2 vaccine in Bangladesh, India and 

Pakistan 
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Figure 5.5: Forest Plot presenting the association of different correlates of timely receipt of Penta3 vaccine in Bangladesh, India and 

Pakistan 
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Figure 5.6: Forest Plot presenting the association of different correlates of timely receipt of Penta2 vaccine in Bangladesh, India and 

Pakistan
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 5.4 Discussion: 

The study finds high rates of non-documentation of vaccinations in all three 

countries. In Bangladesh almost 15% children did not have any vaccination card and for 

another 17%, the card could not be accessed during the interview. In Pakistan, 19% of the 

children did not have any vaccination card, while the interviewer was not able to see the 

card for another 17% even though the participant reported that they had it. However, in 

India almost 90% of women were able to present the vaccine card during the time of 

interview.   

Despite Bangladesh lagging in terms of the proportion of facility delivery and 

antenatal care visits, our study suggests that the proportion of children who received timely 

vaccination was highest in Bangladesh, this pattern was observed across all vaccine doses 

except BCG. However, even in Bangladesh only 76% of the eligible children received first 

dose of Pentavalent vaccine in a timely manner followed by 55% and 42% for the second 

and third doses, respectively. The observed decrease in the timeliness of subsequent doses 

is consistent with previous studies conducted in different parts of the world (2,39,68,79). 

Hanifi et al. provided possible explanations for the extremely low proportion of opportune 

BCG vaccination. They reported that outreach health workers in Bangladesh preferred to 

administer BCG along with the first dose of the Pentavalent vaccine at six weeks to reduce 

their workload. In addition, they reported that many mothers prefer not to take their 

newborn children outdoors during the first month of life due to traditional beliefs, which 

may account for the low BCG vaccination rate within the first month. Notably, the 

proportion of eligible children not being vaccinated was also lowest in Bangladesh, ranging 

from 4% to 14% for different vaccine doses. Both India and Pakistan had higher non-
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vaccination rates, ranging from 12% to 29% and 13% to 38%, respectively, for different 

vaccine doses. Francis et al identified certain factors which were negatively associated with 

vaccination status in India, including female gender, Muslim religion, lower caste, urban 

residence, lower level of maternal education, non-institutional delivery, and fewer 

antenatal care visits (90). In Pakistan, Riaz et al. reported lack of awareness among 

mothers/caregivers, fear of side effects, lack of vaccination centers, and vaccine supply 

issues as major causes of non-vaccination (91). In our study, mothers in India and Pakistan 

presented lower proportions of secondary or higher education compared to Bangladesh. 

This may have contributed to higher proportion of non-vaccination in these two countries.  

Importantly, the existing policy interventions and vaccination infrastructure play a 

very important role in the overall performance of the immunization programs. For example, 

in Bangladesh, instead of centralizing vaccination programs inside healthcare clinics, the 

EPI program has been implemented to administer vaccines directly to the households of 

hard to reach areas. In regions lacking community clinics or educational institutions, the 

residence of the village chief, or a villager’s house has been utilized as a venue for 

administering vaccinations to the children residing in the community. The active 

engagement of the community in participating in EPI aid has played a crucial role in the 

program's success (83,92). On the other hand in India, targeted interventions in the rural 

areas to reduce vaccination dropout has played significant role in improved immunization 

coverage (93). This might have also contributed to the higher timeliness rates in rural India 

compared to urban areas. The government of India recently developed a framework to 

strengthen immunization program in urban areas, which could play significant role in 

improving the urban vaccination scenario (94). On the other hand, in Pakistan, the lack of 
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an integrated approach to overcome the cultural, religious and infrastructural barriers 

results in limited success of the immunization program (95).  

An intriguing difference was observed between Bangladesh and India regarding the 

association between timely vaccination and urban vs. rural residence. Compared to their 

urban counterparts in Bangladesh, rural children were less likely to receive vaccinations 

on time. In contrast, rural children in India were more likely to be vaccinated on time. 

Urban slums, which are home to a significant portion of the urban population in India, lack 

access to health care and community-based health care workers. This could be a 

contributing factor to the poor performance in urban areas (93). On the other hand, the 

extensive dissemination of health workers from various NGOs in Bangladesh's urban slums 

may contribute to the relatively high vaccination rates in urban Bangladesh. In all three 

countries, higher socioeconomic status (SES), higher number of antenatal visits, facility-

based delivery, and higher media exposure were positively associated with timely 

vaccination. On the other hand, children with second or higher birth order were less likely 

to receive timely vaccinations compared to their older siblings. These findings are 

consistent with prior evidence from different countries of Africa and Asia (2,39,68). 

Multiple authors cited allocation of family resources as a potential explanation for the 

inverse relationship between birth order and child immunization status. This includes 

financial resources, familial initiative, and time commitment. While the firstborn typically 

receives these resources alone, subsequent children must share these resources with their 

elder siblings. As a consequence, the younger child is frequently a victim of limited 

resource allocation during their vaccination age, which leads to vaccine hesitancy and 

negatively impacts the overall immunization status (96–98). 
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Our study findings from Bangladesh are broadly in line with those of Sheikh et al. 

and Sarker et al. who reported that SES, parental education, the number of  antenatal visits, 

place of delivery, and urban vs. rural residence were significant correlates of vaccination 

timeliness in Bangladesh in 2014 (79,99).  

Maternal education was found to be a significant correlate of timeliness for all 

vaccine doses in India and Pakistan. Higher maternal education was strongly positively 

associated with timely vaccination. The point estimates were largest in Pakistan, and 

similar in Bangladesh and India. The difference in significance between Bangladesh and 

India may be attributable to differences in sample size. Greater household size was 

negatively associated with timely vaccination for nearly all vaccine doses in India and 

Pakistan. These findings are consistent with existing literature reporting maternal 

education and household size as important correlates of vaccination timeliness (39,42,50). 

Despite prior literature reporting the gender of the child to be an important determinant of 

vaccination timeliness (50,51,68,87), we did not find this to be a significant correlate in 

our study.  

This study is subject to limitations. First, there is a lack of clarity in the existing 

literature regarding the definition of vaccination delay. Similar to several other studies we 

used 28 days from the recommended age as a cutoff point to define delay in descriptive 

analyses. The sensitivity of our estimates to the definition of timeliness was not assessed. 

However, to address this limitation in multivariable analyses of correlates of timeliness we 

conducted survival analyses to explore correlates of timely vaccination, where time was 

treated as a continuous measure (likelihood of receiving vaccine at an earlier or later date 

rather than a dichotomization into timely vs. delayed vaccination).  
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Incompleteness of data was another limitation of this study. Significant proportions 

of children did not have vaccination documentation in all three countries. We had to 

exclude those children from our timeliness analyses. The exclusion of the children with 

non-documentation may have resulted in selection bias.  We did some comparison between 

children with vaccine card and no card (Table B1 and B2 in Appendix B) and found out 

that in India the key characteristics were significantly different between the two groups. 

However, for Bangladesh and Pakistan most characteristics were comparable. Integrating 

vaccination documentation into a unified electronic record system has the potential to 

reduce gaps in vaccination documentation and provide better quality data on considerably 

larger numbers of children. Ideally, such data could be merged with large surveys, like 

DHS, to describe socioeconomic and other characteristics of each mother-child dyad. 

Recently Bangladesh has implemented an online database of COVID vaccinations, which 

could act as an excellent platform to integrate individual level sociodemographic and 

vaccination data.  

Another limitation of the analysis is that the existing variables in the datasets did 

not cover all correlates of vaccine hesitancy, such as those described by comprehensive 

vaccine hesitancy models. Data availability and prior literature determined the vaccine 

hesitancy model. specification, and important correlates of vaccination decisions may be 

missing from the model. The omission of such variables may have biased parameter 

estimates and limited policy recommendations for improving vaccination timeliness.   

 Finally, due to vastly differing sample sizes across DHS cohorts, timeliness models 

were estimated separately for each country, precluding an assessment of the statistical 

significance of similarities and differences in correlates of timeliness across countries. The 
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smaller sample sizes of the Bangladesh and Pakistan surveys, compared to India, may have 

affected precision and statistical significance. However, a descriptive comparison of the 

magnitude and statistical significance of country-specific estimate provides preliminary 

guidance on overall and country-specific associations interventions needed to improve 

vaccination timeliness scenario.  

5.5 Conclusion: 

This study documents substantial variation in the rates of vaccination documentation, 

coverage, and timeliness of routine childhood vaccinations across three Asian countries. 

Despite extensive differences in these metrics across countries, Bangladesh, India, and 

Pakistan share key common correlates of vaccination timeliness. In particular, household 

wealth, media exposure, antenatal care, and facility-based delivery were consistently 

associated with greater vaccination timeliness across countries and across the vaccine doses 

evaluated. The findings suggest that policymakers should consider these factors as primary 

targets for identifying at-risk children and/or improving vaccination timeliness across 

South East Asia. In addition, the study identified several country-specific or vaccine-

specific associations that may offer information on potential targeted strategies for the 

development and targeting of interventions aimed at improving vaccination timeliness. 

These include rural vs. urban residence in Bangladesh, maternal age, education, and 

household size in India, and maternal education and birth order in Pakistan. Most 

importantly, the study highlights the urgent need for national immunization programs to 

provide vaccination documentation to all mothers and add vaccination timeliness as a 

performance metric beyond vaccination coverage, in order to optimize vaccine efficacy 

and offer maximum protection against vaccine-preventable infections in U-5 children. 
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6. CHAPTER 6: CONCLUSION 
 

Despite a large number of children receiving delayed immunization, vaccination timeliness 

is an overlooked health problem in Bangladesh, India and Pakistan. This study documents 

substantial gaps in vaccination documentation, coverage, and timeliness of routine 

childhood vaccinations across three Asian countries. Despite extensive differences in these 

metrics across countries, Bangladesh, India, and Pakistan share key common correlates of 

vaccination timeliness. In particular, household wealth, media exposure, antenatal care, 

and facility-based delivery were consistently associated with greater vaccination timeliness 

across countries and across the vaccine doses evaluated. The findings suggest that 

policymakers should consider these factors as primary targets for identifying at-risk 

children and/or improving vaccination timeliness across South East Asia. In addition, the 

study identified several country-specific or vaccine-specific associations that may offer 

information on potential targeted strategies for the development and targeting of 

interventions aimed at improving vaccination timeliness. These include rural vs. urban 

residence in Bangladesh, maternal age, education, and household size in India, and 

maternal education and birth order in Pakistan. Most importantly, the study highlights the 

urgent need for national immunization programs to provide vaccination documentation to 

all mothers and add vaccination timeliness as a performance metric beyond vaccination 

coverage, in order to optimize vaccine efficacy and offer maximum protection against 
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vaccine-preventable infections in U-5 children. The definitions, methods and analytic 

techniques employed in this study have the potential to serve as a reference for future 

analyses of vaccination timeliness, nationally and globally.  
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8. APPENDIX A: SUPPLEMENTERY TABLES 
Table A.1: correlates of timely vaccination for different vaccine doses in Bangladesh 

 Penta1 (N=2228)  Penta2 (N=2137)  Penta3 (N=2027)  BCG (N=2474)  Measles (N 

_ aHR P>z 

[95% Conf. 

Interval]  aHR P>z 

[95% Conf. 

Interval]  aHR P>z 

[95% Conf. 

Interval]  aHR P>z 

[95% Conf. 

Interval]  aHR P>z 

[95% Conf. 

Interval] 

Residence (ref: urban)                         

Rural 0.76 0.00 0.67 0.86  0.84 0.01 0.74 0.95  0.97 0.64 0.86 1.10  0.88 0.02 0.78 0.98  1.23 0.06 0.99 1.53 

                         

Wealth quintiles (ref: 

poorest quintile)                         

Poorer 0.95 0.49 0.82 1.10  0.92 0.26 0.79 1.06  0.90 0.17 0.77 1.05  0.99 0.91 0.86 1.15  1.09 0.53 0.84 1.41 

Middle 0.98 0.79 0.84 1.14  0.98 0.83 0.84 1.15  0.91 0.25 0.77 1.07  0.98 0.85 0.84 1.15  0.92 0.58 0.68 1.24 

Richer 1.24 0.01 1.04 1.47  1.19 0.05 1.00 1.41  1.16 0.09 0.98 1.39  1.04 0.66 0.88 1.22  0.98 0.91 0.73 1.32 

Richest 1.23 0.02 1.03 1.46  1.25 0.02 1.04 1.51  1.16 0.14 0.95 1.41  1.03 0.76 0.87 1.21  1.00 1.00 0.71 1.40 

                         

Mother's age during the 

birth of the child                         

20-24 1.10 0.17 0.96 1.25  1.06 0.39 0.93 1.22  1.03 0.69 0.89 1.19  0.95 0.42 0.84 1.07  1.14 0.33 0.88 1.47 

25-29 1.18 0.05 1.00 1.38  1.20 0.04 1.01 1.42  1.19 0.05 1.00 1.42  1.07 0.40 0.92 1.25  1.52 0.01 1.12 2.07 

30-49 1.04 0.64 0.87 1.25  1.15 0.16 0.95 1.39  1.25 0.03 1.03 1.51  0.99 0.95 0.84 1.18  1.55 0.01 1.13 2.14 

                         

Mother's education (Ref: 
No education/<primary)                         

Primary 0.99 0.95 0.79 1.25  0.99 0.91 0.77 1.25  0.94 0.62 0.74 1.19  0.96 0.72 0.75 1.22  1.03 0.90 0.70 1.51 

Secondary or higher 1.17 0.16 0.94 1.46  1.17 0.19 0.93 1.48  1.14 0.26 0.91 1.43  1.07 0.58 0.84 1.35  1.36 0.12 0.93 1.98 

                         

Birth order (Ref: First born)                         
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 Penta1 (N=2228)  Penta2 (N=2137)  Penta3 (N=2027)  BCG (N=2474)  Measles (N 

_ aHR P>z 

[95% Conf. 

Interval]  aHR P>z 

[95% Conf. 

Interval]  aHR P>z 

[95% Conf. 

Interval]  aHR P>z 

[95% Conf. 

Interval]  aHR P>z 

[95% Conf. 

Interval] 

Second or higher 0.91 0.16 0.80 1.04  0.94 0.38 0.82 1.08  0.96 0.54 0.83 1.10  0.99 0.91 0.88 1.12  0.72 0.01 0.56 0.92 

                         
Number of ANC visit (Ref: 
<4)                         

4 or more 1.16 0.00 1.05 1.28  1.21 0.00 1.09 1.33  1.19 0.00 1.07 1.32  1.17 0.00 1.06 1.29  1.18 0.08 0.98 1.43 

                         

Place of Birth (Ref: Facility 

delivery)                         

Home delivery 0.92 0.09 0.83 1.01  0.90 0.04 0.81 0.99  0.87 0.01 0.78 0.97  0.93 0.15 0.85 1.03  1.00 0.99 0.83 1.20 

                         
Gender of Child (Ref: 

Female)                         

Male 0.99 0.85 0.90 1.09  1.03 0.61 0.93 1.13  1.05 0.34 0.95 1.17  1.03 0.53 0.94 1.13  0.94 0.48 0.80 1.11 

                         

Household size 0.98 0.07 0.97 1.00  0.99 0.30 0.97 1.01  1.00 0.88 0.98 1.02  0.99 0.14 0.97 1.00  1.00 0.97 0.96 1.04 

                         

Media exposure (ref: no)                         

Yes 1.14 0.01 1.03 1.26  1.06 0.30 0.95 1.19  1.13 0.05 1.00 1.27  1.12 0.04 1.00 1.24  1.10 0.38 0.89 1.36 

                         

Religion (ref: Islam)                         

Others 0.95 0.52 0.80 1.12  0.93 0.39 0.78 1.10  0.92 0.38 0.77 1.11  0.95 0.54 0.79 1.13  0.99 0.95 0.73 1.35 
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Table A.2: correlates of timely vaccination for different vaccine doses in India 

 Penta1 (N=44513)  Penta2 (N=42397)  Penta 3 (N= 39769)  BCG (N=50630)  Measles (N=30383) 

 aHR P>z 

[95% Conf. 

Interval]  aHR P>z 

[95% Conf. 

Interval]  aHR P>z 

[95% Conf. 

Interval]  aHR P>z 

[95% Conf. 

Interval]  aHR P>z 

[95% Conf. 

Interval] 

Residence (ref: urban)                         

Rural 0.99 0.68 0.95 1.03  1.06 0.01 1.01 1.11  1.05 0.03 1.00 1.11  1.03 0.09 1.00 1.06  1.13 0.00 1.07 1.19 

                         

Wealth quintiles (ref: poorest quintile)                       

Poorer 1.05 0.02 1.01 1.10  1.09 0.00 1.04 1.14  1.10 0.00 1.04 1.16  1.02 0.39 0.98 1.06  1.09 0.00 1.03 1.16 

Middle 1.14 0.00 1.09 1.19  1.18 0.00 1.12 1.23  1.22 0.00 1.15 1.28  1.04 0.03 1.00 1.08  1.17 0.00 1.11 1.24 

Richer 1.13 0.00 1.08 1.19  1.19 0.00 1.13 1.25  1.26 0.00 1.19 1.33  1.03 0.20 0.99 1.07  1.19 0.00 1.11 1.26 

Richest 1.24 0.00 1.17 1.31  1.26 0.00 1.19 1.34  1.27 0.00 1.19 1.36  1.03 0.18 0.99 1.08  1.22 0.00 1.14 1.30 
                         

Mother's age during the birth of the child                      

20-24 1.03 0.28 0.98 1.07  1.01 0.57 0.97 1.06  1.04 0.13 0.99 1.10  0.98 0.42 0.95 1.02  1.02 0.59 0.96 1.07 

25-29 1.07 0.02 1.01 1.13  1.09 0.00 1.03 1.16  1.11 0.00 1.04 1.18  0.99 0.68 0.95 1.04  1.06 0.06 1.00 1.14 

30-49 1.08 0.03 1.01 1.15  1.11 0.00 1.04 1.19  1.12 0.01 1.03 1.21  0.97 0.20 0.92 1.02  1.01 0.82 0.93 1.09 
                         

Mother's education (Ref: No education/<primary)                     

Primary 1.09 0.00 1.04 1.14  1.12 0.00 1.07 1.18  1.10 0.00 1.04 1.17  1.05 0.03 1.01 1.09  1.15 0.00 1.08 1.22 

Secondary or higher 1.20 0.00 1.16 1.25  1.25 0.00 1.20 1.30  1.22 0.00 1.16 1.28  1.06 0.00 1.02 1.09  1.20 0.00 1.14 1.26 
                         

Birth order (Ref: First born)                        

Second or higher 0.92 0.00 0.89 0.96  0.90 0.00 0.87 0.94  0.88 0.00 0.84 0.92  0.98 0.28 0.96 1.01  0.89 0.00 0.86 0.93 

                         

Number of ANC visit (Ref: <4)                        

4 or more 1.27 0.00 1.23 1.31  1.31 0.00 1.26 1.35  1.35 0.00 1.30 1.40  1.15 0.00 1.12 1.18  1.25 0.00 1.21 1.30 
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 Penta1 (N=44513)  Penta2 (N=42397)  Penta 3 (N= 39769)  BCG (N=50630)  Measles (N=30383) 

 aHR P>z 

[95% Conf. 

Interval]  aHR P>z 

[95% Conf. 

Interval]  aHR P>z 

[95% Conf. 

Interval]  aHR P>z 

[95% Conf. 

Interval]  aHR P>z 

[95% Conf. 

Interval] 

Place of Birth (Ref: Facility delivery)                       

Home delivery 0.80 0.00 0.76 0.84  0.76 0.00 0.72 0.80  0.74 0.00 0.69 0.78  0.55 0.00 0.53 0.58  0.77 0.00 0.72 0.82 

                         

Gender of Child (Ref: Female)                        

Male 1.01 0.45 0.98 1.04  1.03 0.09 1.00 1.06  1.04 0.04 1.00 1.07  1.01 0.52 0.98 1.03  1.04 0.03 1.00 1.08 

Household size 0.97 0.00 0.96 0.97  0.96 0.00 0.96 0.97  0.96 0.00 0.95 0.97  0.98 0.00 0.975 0.98  0.97 0.00 0.97 0.98 

                         

Media exposure (ref: no)                         

Yes 1.18 0.00 1.14 1.22  1.22 0.00 1.17 1.26  1.20 0.00 1.16 1.25  1.06 0.00 1.04 1.09  1.15 0.00 1.10 1.19 

                         

Religion (ref: hindu)                         

Islam 0.81 0.00 0.77 0.84  0.75 0.00 0.72 0.79  0.75 0.00 0.71 0.78  0.92 0.00 0.89 0.95  0.83 0.00 0.79 0.88 

Christian 1.04 0.46 0.94 1.15  1.09 0.12 0.98 1.22  1.05 0.39 0.94 1.19  0.93 0.01 0.88 0.99  0.99 0.86 0.89 1.10 

Others 1.00 0.98 0.90 1.11  0.99 0.84 0.88 1.10  1.01 0.91 0.89 1.13  0.96 0.28 0.89 1.03  0.95 0.43 0.84 1.08 

 

  



 

 
  

1
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Table A.3: correlates of timely vaccination for different vaccine doses in Pakistan 
 

Penta1 (N=2221) 
 

Penta2 (N=2200) Penta3 (N==2102) 
 

BCG (N=2633) 
 

Measles (N=1339) 

 
aHR P>z [95% Conf. 

Interval] 

 
aHR P>z [95% Conf. 

Interval] 

 
aHR P>z [95% Conf. 

Interval] 

 
aHR P>z [95% Conf. 

Interval] 

 
aHR P>z [95% Conf. 

Interval] 

Residence (Ref: Urban) 
                        

rural 0.88 0.09 0.76 1.02 
 

0.95 0.53 0.82 1.11 
 

1.01 0.90 0.85 1.20 
 

0.79 0.00 0.70 0.89 
 

1.00 0.98 0.82 1.23 
                         

Wealth Quintiles (Ref: 
Poorest Quintile) 

                        

poorer 1.36 0.01 1.08 1.71 
 

1.44 0.00 1.13 1.83 
 

1.43 0.01 1.09 1.89 
 

1.21 0.06 1.00 1.47 
 

1.73 0.00 1.22 2.45 

middle 1.54 0.00 1.21 1.96 
 

1.49 0.00 1.16 1.92 
 

1.66 0.00 1.24 2.21 
 

1.35 0.00 1.10 1.65 
 

1.56 0.02 1.08 2.23 

richer 1.64 0.00 1.27 2.11 
 

1.55 0.00 1.20 2.01 
 

1.83 0.00 1.36 2.45 
 

1.44 0.00 1.17 1.76 
 

1.88 0.00 1.31 2.70 

richest 1.55 0.00 1.18 2.04 
 

1.56 0.00 1.18 2.06 
 

1.73 0.00 1.26 2.39 
 

1.55 0.00 1.23 1.95 
 

1.93 0.00 1.29 2.87 
                         

Mother's age during the 

birth of the child 

                        

20-24 1.16 0.20 0.93 1.44 
 

1.26 0.08 0.97 1.63 
 

1.33 0.05 1.00 1.77 
 

0.99 0.95 0.81 1.22 
 

1.18 0.41 0.80 1.73 

25-29 1.23 0.09 0.97 1.56 
 

1.40 0.01 1.07 1.84 
 

1.58 0.00 1.17 2.14 
 

1.08 0.52 0.86 1.34 
 

1.37 0.12 0.92 2.04 

30+ 1.04 0.79 0.80 1.33 
 

1.14 0.36 0.86 1.52 
 

1.39 0.04 1.02 1.91 
 

0.89 0.34 0.71 1.13 
 

1.16 0.47 0.77 1.76 
                         

Mother's education (Ref: No 

education/<primary) 

                        

Primary 1.70 0.00 1.42 2.05 
 

1.60 0.00 1.30 1.97 
 

1.52 0.00 1.22 1.89 
 

1.60 0.00 1.35 1.89 
 

1.58 0.00 1.20 2.09 

Secondary or higher 1.78 0.00 1.48 2.14 
 

1.77 0.00 1.46 2.15 
 

1.63 0.00 1.32 2.01 
 

1.64 0.00 1.40 1.92 
 

1.76 0.00 1.35 2.30 
                         

Birth order (Ref: First born) 
                        

second or higher 0.80 0.00 0.68 0.93 
 

0.84 0.04 0.72 0.99 
 

0.79 0.01 0.66 0.94 
 

0.93 0.28 0.81 1.06 
 

0.89 0.27 0.73 1.09 
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Penta1 (N=2221) 

 
Penta2 (N=2200) Penta3 (N==2102) 

 
BCG (N=2633) 

 
Measles (N=1339) 

 
aHR P>z [95% Conf. 

Interval] 

 
aHR P>z [95% Conf. 

Interval] 

 
aHR P>z [95% Conf. 

Interval] 

 
aHR P>z [95% Conf. 

Interval] 

 
aHR P>z [95% Conf. 

Interval] 

Number of ANC visit (Ref: 

<4) 

                        

4 or more 1.29 0.00 1.12 1.48 
 

1.21 0.02 1.04 1.41 
 

1.22 0.02 1.04 1.43 
 

1.23 0.00 1.09 1.40 
 

1.04 0.70 0.85 1.27 
                         

Place of Birth (Ref: Facility 

delivery) 

                        

Home delivery 0.82 0.02 0.69 0.97 
 

0.75 0.00 0.63 0.90 
 

0.70 0.00 0.58 0.85 
 

0.75 0.00 0.65 0.87 
 

0.65 0.00 0.50 0.85 
                         

Gender of Child (Ref: 

Female) 

                        

male 0.89 0.05 0.79 1.00 
 

0.92 0.20 0.81 1.04 
 

0.93 0.31 0.81 1.07 
 

0.97 0.56 0.87 1.08 
 

1.16 0.09 0.98 1.37 

Household Size 0.89 0.02 0.82 0.98 
 

0.90 0.04 0.82 0.99 
 

0.88 0.01 0.79 0.97 
 

0.93 0.06 0.86 1.00 
 

0.89 0.07 0.79 1.01 
                         

Media Exposure (Ref: No) 
                        

Yes 1.18 0.02 1.03 1.36 
 

1.22 0.01 1.05 1.42 
 

1.14 0.11 0.97 1.35 
 

1.12 0.06 1.00 1.26 
 

1.11 0.33 0.90 1.37 

 

 



 

 
  

1
0
2

 

9. Appendix B: Comparison Between Eligible Children vs Non-eligible Children 
Table B.1: Sociodemographic Comparison between children who had vaccination documentation vs who didnt  

  
Bangladesh (N=3,457)  India (N=86516)  Pakistan (N=3860) 

# of children Vaccination 

card (N=2361) 

No Vaccination 

card (N=1096) 

 
 Vaccination 

card 

(N=75,758) 

No 

Vaccination 

card (N=8438) 

  Vaccination 

card 

(N=2633) 

No 

Vaccination 

card 

(N=1227) 

 

  
Mean or 

Proportion 

Mean or 

Proportion 

p 

value 

 Mean or 

Proportion 

Mean or 

Proportion 

p 

value 

 Mean or 

Proportion 

Mean or 

Proportion 

p 

value 

Residence Rural 66.71% 33.29% 0.005  80.31% 78.41% 0.000  55.91% 47.72% 0.000 

Urban 71.38% 28.62%  19.69% 21.59%  44.09% 52.28% 

Wealth index score -0.002 -0.007 0.170  -0.084 -0.150 0.000  -.001 .001 0.581 

Mother's age (Years) 24.73 24.24 0.203  25.04 24.94 0.050  26.79 26.89 0.650 

Mother's education Years 7.02 6.93 0.000  8.05 7.34 0.000  5.05 4.16 0.000 

Number of ANC 

visit 

Number 3.94 3.64 0.001  6.03 5.96 0.569  4.35 4.51 0.568 

Sex of the child Male 52.60% 49.91% 0.355  51.52% 51.67% 0.076  49.93% 51.58% 0.395 

Female 47.40% 50.09%  48.48% 48.33%  50.07% 48.42% 

Household Size (Number) 5.97 2.70 0.000  6.31 6.65 0.000  9.75 9.91 0.417 

Place of Birth Facility 

Delivery 

52.48% 46.22% 0.033  90.09% 87.52% 0.000  71.49% 74.74% 0.06 
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Bangladesh (N=3,457)  India (N=86516)  Pakistan (N=3860) 

# of children Vaccination 

card (N=2361) 

No Vaccination 

card (N=1096) 

 
 Vaccination 

card 

(N=75,758) 

No 

Vaccination 

card (N=8438) 

  Vaccination 

card 

(N=2633) 

No 

Vaccination 

card 

(N=1227) 

 

  
Mean or 

Proportion 

Mean or 

Proportion 

p 

value 

 Mean or 

Proportion 

Mean or 

Proportion 

p 

value 

 Mean or 

Proportion 

Mean or 

Proportion 

p 

value 

Home 

Delivery 

47.52% 53.78%  9.91% 12.48%  28.51% 25.26% 

Media Exposure No 54.06% 56.80% 0.000  51.39% 55.61% 0.000  53.89% 49.24% 0.016 

Yes 45.94% 43.20%  48.61% 44.39%  46.11% 50.76% 
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Table B.2: Multivariate logit model presenting the Comparison between children who had vaccination documentation vs who didn’t.  
 

Bangladesh (N=3457) 
 

India (N=86516) 
 

Pakistan (N=3860) 

Has vaccination 

Documentation 

Odds 

Ratio 

P>t [95% 

Conf. 

Interv

al] 

 
Odds 

Ratio 

P>z [95% 

Conf. 

Interv

al] 

 
Odds 

Ratio 

P>t [95% 

Conf. 

Interv

al]                

Residence (ref: urban) 
              

Rural 0.89 0.56 0.60 1.32 
 

0.78 0.00 0.74 0.83 
 

0.76 0.08 0.57 1.03 

Wealth Quintiles (Ref: 

poorest) 

              

Poorer 1.03 0.89 0.70 1.52 
 

0.99 0.78 0.93 1.06 
 

1.18 0.40 0.80 1.73 

Middle 1.09 0.74 0.67 1.77 
 

1.04 0.32 0.97 1.11 
 

1.37 0.12 0.93 2.04 

Richer 0.72 0.13 0.46 1.11 
 

1.07 0.07 0.99 1.16 
 

1.34 0.11 0.94 1.93 

Richest 1.35 0.26 0.80 2.29 
 

0.99 0.72 0.91 1.07 
 

1.37 0.14 0.90 2.07 

Mother’s age at birth 

(ref: 15-19) 

              

20-24 0.69 0.09 0.46 1.06 
 

1.09 0.01 1.02 1.17 
 

0.90 0.63 0.59 1.38 

25-29 0.60 0.05 0.36 0.99 
 

1.18 0.00 1.09 1.27 
 

0.83 0.40 0.55 1.27 

30-49 0.81 0.48 0.45 1.46 
 

1.23 0.00 1.12 1.34 
 

0.94 0.81 0.59 1.51 

Maternal education 

(Ref: Less than 

primary or no 

education) 

              

Primary 1.20 0.55 0.67 2.14 
 

1.16 0.00 1.08 1.26 
 

1.08 0.64 0.77 1.52 

Secondary or higher 1.74 0.07 0.96 3.14 
 

1.35 0.00 1.27 1.43 
 

0.79 0.15 0.58 1.09 
               

Birth order (Ref: birth 

order) 

              

Second or higher 1.15 0.48 0.79 1.68 
 

0.93 0.01 0.89 0.98 
 

0.92 0.60 0.68 1.24 
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Bangladesh (N=3457) 

 
India (N=86516) 

 
Pakistan (N=3860) 

Has vaccination 

Documentation 

Odds 

Ratio 

P>t [95% 

Conf. 

Interv

al] 

 
Odds 

Ratio 

P>z [95% 

Conf. 

Interv

al] 

 
Odds 

Ratio 

P>t [95% 

Conf. 

Interv

al] 

Number of ANC (Ref: 

3 or less) 

              

4 or more 1.16 0.39 0.83 1.62 
 

1.34 0.00 1.29 1.41 
 

1.06 0.65 0.83 1.36 
               

Place of Delivery (Ref: 

facility delivery) 

              

Home delivery 1.07 0.69 0.77 1.48 
 

0.91 0.01 0.85 0.98 
 

0.95 0.68 0.76 1.20 
               

Sex of the child (Ref: 

Female) 

              

Male 1.16 0.30 0.87 1.55 
 

0.99 0.73 0.95 1.04 
 

0.86 0.19 0.69 1.08 

               

Household size 0.88 0.00 0.84 0.93 
 

0.96 0.00 0.95 0.97 
 

0.99 0.20 0.96 1.01 
               

Media Exposure (Ref: 

No exposure) 

              

Yes 1.47 0.04 1.03 2.09 
 

1.06 0.03 1.01 1.11 
 

1.05 0.69 0.83 1.33 

_Cons 9.92 0.00 4.24 23.17 
 

6.96 0.00 6.31 7.68 
 

5.16 0.00 3.22 8.24 
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