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AbstrACt
Objectives The study estimated valid vaccination 
coverage of under 5 children in a rural area under 
Tangail subdistrict and examined their sociodemographic 
correlates including ethnicity.
setting The study sites are three primary areas where 
tribal and non-tribal population resides together in a rural 
subdistrict of Bangladesh.
Participants Routine vaccination information of a cohort 
of 2802 children, born between 1 January 2011 and 
31 December 2012, were retrieved from the Expanded 
Program on Immunization (EPI) registers maintained by 
the health assistants. Collected data were entered in an 
Oracle-based computer program. Univariate, bivariate and 
multivariate analyses were performed in SPSS V.20 to 
explore coverage and differentials for full valid vaccination 
coverage in the study area.
results Valid vaccination coverage was 90.6% among tribal 
population and 87.3% among non-tribal population(p=0.25). 
Compared with females, males had higher valid vaccination 
coverage (89.2% vs 85.9%) and lower invalid (5.4% vs 6.9%) 
and no-coverage (5.3% vs 7.3%) (p=0.03). Households with 
mobile phones had higher valid coverage (90.9% vs 86.5%) 
and lower invalid (4.5% vs 6.7%) and no coverage (4.5% vs 
6.9%) compared with those without mobile phones (p=0.01). 
Coverage of valid vaccination was higher among children of 
Oronkhola union than in children of the other two unions.
Conclusion The study documented that valid vaccination 
coverage was high in this rural area, and there was no 
significant ethnic variation which was one of the strengths 
of the national EPI. However, there is significant variation 
by gender of the child, household ownership of mobile 
phones and geographical location of households.

IntrOduCtIOn 
Over the last few decades, remarkable improve-
ment has been made towards the develop-
ment of national immunisation programmes 
throughout the world.1 The Expanded 
Program on Immunization (EPI) has the major 
contribution to this tremendous achievement. 
The EPI was launched in 1974 and supported 

by the WHO and implemented by Unicef. The 
aim of this programme is to prevent infant and 
child deaths from six vaccine-preventable infec-
tious diseases (ie, diphtheria, whooping cough, 
tetanus, measles, poliomyelitis and tubercu-
losis).2–4 In the past, these diseases were a global 
public health burden, as they were the major 
causes of child deaths in the 20th century.5–7 
Proper immunisation against these infectious 
diseases is one of the most successful cost-ef-
fective public health interventions because this 
programme not only saves the lives of millions of 
children but also reduces morbidity, including 
disability.8–11 The goal of the EPI was to provide 
immunisation for all children by 1990 in order 
to prevent the above-mentioned six vaccine-pre-
ventable diseases and to eradicate polio, as per 
the lesson learnt from the successful eradica-
tion of smallpox.12–14 

The implementation of the EPI has already 
been shown to be a great success globally; for 
instance, polio has almost been eradicated, 
deaths from global measles have dropped by 
78% and maternal and neonatal tetanus has 

strengths and limitations of this study

 ► This is the first population-based study that pro-
vides a comprehensive overview of the Expanded 
Program on Immunization coverage among tribal 
and non-tribal children in Bangladesh and examined 
their sociodemographic correlates.

 ► There was no disparity on vaccination coverage 
among tribal and non-tribal populations.

 ► Accessibility to the mobile phone significantly 
changes the coverage, and male child is less likely 
not to be vaccinated than female child.

 ► This study was conducted in a smaller scale, and 
the result of this study may not represent the overall 
picture of Bangladesh.

http://bmjopen.bmj.com/
http://dx.doi.org/10.1136/bmjopen-2018-022634
http://dx.doi.org/10.1136/bmjopen-2018-022634
http://dx.doi.org/10.1136/bmjopen-2018-022634
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjopen-2018-022634&domain=pdf&date_stamp=2018-010-24
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been successfully eliminated in 58 high-risk countries.15–18 
A number of research studies have been conducted 
around the world to evaluate the impact of the EPI. A 
study conducted in a rural part of India evaluated immuni-
sation coverage and reported that only 60.9% of children 
had an immunisation card, and the proportion of immu-
nisation was higher for male children than female chil-
dren (87.6% vs 85.5%).19 Several studies have reported 
the occurrence of dropout from EPI, and different 
reasons for dropout include the unavailability of children 
and a number of sociodemographic factors.19–21 Ethnicity 
also plays a major role in vaccination coverage which has 
been demonstrated by several research studies in several 
countries. In India, tribal people had better immunisa-
tion coverage than minor groups, and children were 
fully vaccinated in Assam, Uttar Pradesh, Aurunachal, 
Rajasthan and Nagaland.22 An extensive literature review 
revealed that until recently, no such study has ever been 
conducted in Bangladesh.

EPI was formally launched in Bangladesh in 1979 as a 
part of initiatives taken by the WHO.23 EPI is the most 
successful programme run by the Government of Bangla-
desh. From 1987–2000, approximately 1.2 million deaths 
have been prevented in Bangladesh through EPI.24 
It was also possible for Bangladesh to eradicate polio 
through the successful implementation of EPI, and the 
WHO declared Bangladesh a polio-free region in 2006.25 
Subsequently, additional vaccines were included with the 
routine EPI schedule (figure 1), namely, the hepatitis B 
vaccine was included in 2003, the haemophilus influenza 
type B (Hib) vaccine was included in 2009 and a second 
dose of the measles-mumps-rubella vaccine was intro-
duced in 2012.26–28

A number of research studies have been conducted to 
assess the immunisation status in Bangladesh. One study 
reported that approximately 60% rural children were 

fully immunised, whereas other studies have reported 
that immunisation coverage was 99% for BCG, 93% for 
OPV and 83% for measles.29 30 A number of surveys have 
also provided the regional distribution of vaccination 
coverage: crude vaccination coverage was the highest in 
Rajshahi division (96.8%) and the lowest in Sylhet divi-
sion (88.6%) in Bangladesh.31 Although a few studies 
have reported findings from vaccination coverage among 
tribes, they could not reveal data related to equity distri-
bution and sociodemographic variation in terms of vacci-
nation coverage in tribal and non-tribal populations in 
Bangladesh.

ObjeCtIve
The aim of the present study is to estimate the valid 
vaccination coverage of EPI among tribal and non-tribal 
population in a rural area under Tangail subdistrict and 
to explore the distribution of vaccination coverage on the 
basis of sociodemographic factors (eg, ethnicity, gender, 
geographical location and mobile phone ownership). 
This study considers EPI a successful health programme 
in Bangladesh, and this success can be showcased for 
other low-income and middle-income countries for their 
learning and development. However, there are still some 
pockets (hard-to-reach areas and tribal population) 
where coverage is far behind that presented in national 
reports.32

MethOds
study design and data collection procedure
We conducted a cohort study based on the analysis of 
routine EPI data, and a few variables such as mobile 
phone information, tribal and non-tribal population 
were extracted from the health assistant (HA) registers 

Figure 1 Expanded Program on Immunization schedule. IM, intramuscular; MR, measles-rubella; OPV, oral polio vaccine; PCV, 
pneumococcal conjugate vaccine. 
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from the years 2011 and 2012. A cohort of 2802 children 
(registered by the HA) was included in the study, and the 
data were entered through an Oracle-based computer 
program which was used for analysis. A data entry soft-
ware was developed for capturing the data with required 
validity and ranges, and valid value checks were incor-
porated into this software. For any inconsistencies, vali-
dation checks were done in consultation with the HA 
registrar books and the field site visits.

In this data analysis, we have examined the cohort born 
between 1 January 2011 and 31 December 2012, and we 
followed up with these individuals until the completion 
of their immunisations. Missing data were addressed by 
frequent field visit of researchers. In addition to this, 
researchers sat with respective health workers and asked 
them to collect if the data were missing.

study area
This study was conducted in three unions, namely Aush-
nara, Solakuri and Aronkhola under the Madhupur 
upazila/subdistrict (six unions and one municipal area) 
of the Tangail district in Bangladesh. These three unions 
were selected purposively that fulfilled the following 
inclusion criteria: both tribal and non-tribal populations 
lived together in these unions, and they were not located 
far from Dhaka. These locations were helpful in enabling 
EPI and Directorate General of Health Service (DGHS) 
managers to visit the sites to validate information when 
required. Muslims comprise the predominant population 
within these three unions, and the proportion of tribal 
people was nearly double in one of the unions (Solakuri) 
compared with the other two unions (table 1). The 
literacy rate was similar across the three unions, ranging 
from 34% to 40%.

existing procedure of data collection by ePI
In rural Bangladesh, the lowest administrative unit is a 
ward which has an average population of approximately 
8000 to 10 000. Based on the population, each rural 
(old) ward was divided into eight imaginary sub-blocks. 
Each sub-block has an outreach centre (ORC) for vacci-
nation and operates once a month. In Bangladesh, the 
total number of rural wards is 13 494, and based on the 
above operational strategy, the number of outreach sites 
in rural areas are 13 494×8=107 952. In addition to the 
outreach sessions, fixed sessions are also held in all the 

upazila health complexes (fixed sites) which operate for 
1–6 days per week for vaccinations. Each ward consists of 
eight vaccination sites (ie, ORCs). Each week, vaccination 
services are provided at two vaccination sites. Vaccina-
tion in rural wards is provided primarily by the HA, an 
employee of the health wing of the Ministry of Health and 
Family Welfare (MOH & FW) and is usually assisted by 
family welfare assistant (FWA), an employee of the family 
planning wing of the MOH & FW. In some instances, 
whenever the post of HA is vacant, the primary responsi-
bility of vaccination is carried out by the FWA or by volun-
teers supported by the Global Alliance for Vaccines and 
Immunization. Porters carry vaccines from the upazila EPI 
cold room of the Upazila Health Complex (UHC) to the 
vaccination sites (ORCs) directly or through distribution 
points. Almost all EPI outreach sites are within 15–20 min 
(half an hour) walking distance. The field workers have 
universal instruction to perform home visits to register 
newborns (in the EPI Registration Book) and invite 
parents to bring their children to vaccination sessions on 
the day prior to an EPI session (which is called intrap-
ersonal communication), thus performing an important 
social mobilisation role.

Monitoring process
EPI sessions are routinely monitored by the assistant 
health inspector (AHI) from the health site and the family 
planning inspector from the family planning site. Each 
union is supervised by one AHI, and the health inspector 
supervises the three unions.

variables considered during analysis
Fully vaccinated
Children who received doses of the ‘standard eight’ 
antigens—one dose of BCG, three doses of pentavalent 
(including diphtheria-pertussis-tetanus, Hib and Hep B), 
polio (three doses) and one dose of measles vaccines—
were considered fully vaccinated (figure 1).

Not vaccinated
A child was considered not vaccinated if he/she had 
received none of the above-mentioned vaccines.

Rural
Aushnara, Solakuri and Aronkhola unions of Modhupur 
upazila under Tangail district were considered as rural 
areas.

Crude vaccination coverage
Vaccines were received irrespective of vaccination 
schedule, such as the recommended ages and intervals 
between doses for each antigen.

Invalid vaccination
Vaccines were received not following the EPI vaccination 
schedule for the exact ages and dose intervals (provided 
before minimum interval periods) for each antigen.

Table 1 Demographic information of the study areas (2012)

Population 
characteristics

Aushnara 
(n=52 431) %

Solakuri 
(n=34 499) %

Aronkhola 
(n=58 784) %

Tribal 7.1 13.6 8.9

Muslim 74.2 46.2 59.1

Other religion 25.8 53.8 40.9

Literacy rate 37.7 33.9 39.3

Source: Modhupur Upazila Expanded Program on 
Immunization registrar 2011–2013.
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Valid vaccination
Vaccines were received following EPI-recommended 
exact ages and dose intervals for each antigen.

Spot registration
The eligible child is registered for vaccination at the 
vaccination site 28 days after birth.

Timely registration
The eligible child is registered for vaccination within 28 
days of birth.

Analysis plan
After reviewing for completeness and accuracy, all the 
data were included in a database. Descriptive analysis 
was performed to determine the distribution of variables 
of general interest. Bivariate analysis was conducted to 
examine associations between dependent and indepen-
dent variables. The significance level of the association 
was set at p<0.05 with a 95% CI. The strength of associ-
ation was calculated through ORs, and confounding was 
adjusted by applying multinomial logistic regression anal-
ysis. Data analysis was performed using SPSS V.20.

Patient and public involvement
The study data were extracted from the child immunisa-
tion registrar under the department of EPI with proper 
permission from DGHSs of MOH & FW. The dissemina-
tion of the study findings to the study participants will be 
done through respective health managers with sharing 
the published manuscript.

results
In total, 2802 respondents were included in the study 
from the three unions (39.5% from Aushnara, 35.1% 
from Oronkhola and 25.4% from Sholakuri) of the Madh-
upur subdistrict under the Tangail district in Bangladesh. 
Table 2 represents the associations between different 
characteristics of the children (eg, ethnicity, sex, religion, 
having a mobile phone or not, having spot registration 
or not, having timely registration or not). Analysis was 
conducted using the available data in percentages (%) 
for three categories: vaccine on time (ie, valid vaccina-
tion), vaccine at the wrong time (ie, invalid vaccination) 
and not vaccinated. The table shows that the proportion 
of valid vaccinations among tribal children was higher 
than that among non-tribal children (90.6% vs 87.3%), 
whereas more non-tribal children were vaccinated at the 
wrong time or were not vaccinated; these figures were not 
statistically significant (p=0.25).

Among the three study areas, Oronkhola union had 
the highest valid vaccination coverage (89.7%), Aushnara 
union had the lowest valid vaccination coverage (85.8%) 
and Oronkhola had the highest percentage of children 
(7.0%) who were not vaccinated (table 2). In terms of 
gender, valid vaccination coverage was higher among 
male children (89.2%) than female children (85.9%), and 
comparatively more female children were not vaccinated 

than male children (7.2% vs 5.3%). This finding was also 
statistically significant (p=0.03). From the same table, we 
can note that the valid vaccination coverage was higher 
among the children of mobile phone users than among 
children of individuals who did not have mobile phones 
(90.9% vs 86.5%), and a higher proportion of children of 
mobile phone non-users were not vaccinated compared 
with children of mobile phone users (6.9% vs 4.5%). 
The religion, spot registration and timely registration 
categories did not have a significant role in vaccination 
coverage. To confirm the results from table 2, we devel-
oped a model to run multinomial logistic regressions. 
We retained all the variables used in table 2 for regres-
sion analysis (table 3), except for spot registration and 
timely registration, as these two variables were not signifi-
cantly associated with EPI coverage. From table 3, we can 
deduce that children in Oronkhola union were 56% less 
likely to have invalid vaccination (OR: 0.44, CI: 0.28 to 
0.69, p=0.001) than children in other unions, and males 
were 28% less likely to not be vaccinated (OR: 0.72, CI: 
0.53 to 0.98, p=0.04) than females. It can also be noted 
from the same table that the children of individuals who 

Table 2 Association between characteristics of children 
and three different categories of vaccination status in 
Madhupur subdistrict

Characteristic

Vaccination status (n=2802)

Valid 
vaccination 
(n=2454)
%

Invalid 
vaccination 
(n=172)
%

Not 
vaccinated 
(n=176)
%

P 
values

Ethnicity 0.25

  Tribal 90.6 4.1 5.3

  Non-tribal 87.3 6.4 6.3

Union 0.00

  Aushnara 85.8 8.0 6.2

  Oronkhola 89.7 3.3 7.0

  Solakuri 87.3 7.2 5.5

Sex 0.03

  Male 89.3 5.4 5.3

  Female 85.9 6.9 7.2

Religion 0.11

  Muslim 87.0 6.4 6.6

  Others 91.1 4.6 4.3

Has mobile 0.01

  Yes 90.9 4.5 4.6

  No 86.5 6.7 6.8

Spot registration 0.26

  Yes 88.0 5.9 6.1

  No 85.0 7.5 7.5

Timely registration 0.31

  Yes 87.9 6.4 5.7

  No 87.2 5.8 7.0
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did not have mobile phones were 68% more likely to not 
be vaccinated (OR: 1.68, CI: 1.12 to 2.51, p=0.01) than 
children of individuals who had mobile phones.

dIsCussIOn
This study is the first to provide a comprehensive overview 
of the EPI coverage on the basis of sociodemographic 
factors and to report the distribution of immunisation 
among tribal and non-tribal children in Bangladesh. 
Although the EPI has been active since 1979, Bangladesh 
has not yet achieved 100% coverage of immunisation for 
children. There is also insufficient data for hard-to-reach 
areas in Bangladesh. Thus far, no study has reported 
on the equal distribution of vaccination coverage in 
rural Bangladesh, and no study has been found that has 
explored the reasons for the failure to achieve full EPI 
coverage in Bangladesh.

There is no doubt that the EPI has played a signif-
icant role in reducing the disease burden and child 
mortality in the country through vaccination. As stated 
in the EPI Coverage Evaluation Survey 2015, the vacci-
nation coverage rate increased from 76.0% (in 1995) 
to 93.2%.19–21 The current study provides a different 
picture of the vaccination coverage in the three study 
areas (approximately 86%, 90% and 88% children had 
valid or completed vaccination in Aushnara, Oronk-
hola and Sholakuri union, respectively) (table 2). From 

these findings, it is evident that vaccination coverage is 
not distributed equally throughout Bangladesh, and the 
numbers of invalid doses are still alarming which prevents 
a successful outcome of the EPI. However, the same and 
higher coverage of full vaccination (73.33% and 84.09%, 
respectively) has been revealed by various other studies.33

As a whole, the conversion of invalid doses into valid 
doses would help to increase the total EPI coverage and 
would be helpful in preventing the aforementioned deadly 
diseases. As shown in table 2, Oronkhola union had the 
highest valid vaccination coverage (89.7%), although the 
coverage in other study areas was not far from this figure. 
Surprisingly, Oronkhola union also had the highest 
percentage of children who were not vaccinated (7.0%). 
Therefore, high vaccination coverage does not always 
indicate the success of the EPI. The higher vaccination 
coverage in Oronkhola union could be attributed to a 
high prevalence of mobile phone users (data not shown). 
However, communication does not always occur between 
participants and the field workers which requires atten-
tion from managers to further improve the coverage in 
Oronkhola.

Some studies have attempted to determine the causes 
of dropouts from immunisation programmes. Expla-
nations provided include a lack of awareness about the 
vaccination services, fear of side effects, obstacles in both 
the supply and demand sites, inadequate household 

Table 3 Multinomial logistic regression coefficients of covariates for different vaccination status in the three selective study 
areas

Variables

Vaccine status (n=2802)

Invalid vaccination (n=172) Not vaccinated (n=176)

AOR

95% CI

P values AOR

95% CI

P valuesLower Upper Lower Upper

Ethnicity

  Tribal 0.71 0.26 1.95 0.50 2.10 0.65 6.75 0.21

  Non-tribal 1.00 1.00

Union

  Aushnara 1.05 0.72 1.52 0.82 1.01 0.67 1.54 0.95

  Oronkhola 0.44 0.28 0.69 0.00 1.28 0.85 1.93 0.25

  Sholakuri 1.00 1.00

Sex

  Male 0.74 0.54 1.02 0.06 0.72 0.53 0.98 0.04

  Female 1.00 1.00

Religion

  Muslim 1.02 0.43 2.41 0.97 2.89 0.94 8.91 0.06

  Other 1.00 1.00

Has mobile phone or not

  No mobile 1.29 0.86 1.93 0.22 1.68 1.12 2.51 0.01

  Has mobile 1.00 1.00

Reference category: valid vaccination.
AOR, adjusted OR.
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visits by the community-level health workers and a lack of 
reviewing dropout cases during vaccination sessions.19–21 
Although the current study did not intend to explore 
those issues, this study found sex and the use of mobile 
phones as the major factors related to vaccination 
coverage. This study found that female children had less 
vaccination coverage than male children, and this differ-
ence was statistically significant (tables 2 and 3). Some-
what similar findings were seen in the study conducted 
by Khargekar et al which showed a higher percentage of 
immunisation in male children (61.3%) than in female 
children (38.8%).34 Another study conducted in India 
also found similar results, reporting that 87.61% of male 
children received vaccinations compared with 85.57% of 
female children.19 Accessibility to mobile phones played a 
significant role (p<0.05) in vaccination coverage, and the 
proportion of non-vaccinated children was higher among 
the individuals who did not have mobile phones (table 2 
and table 3). There are several studies demonstrating 
that mobile phones help in improving immunisation 
coverage.30 35–37 This study also found that vaccination 
coverage was lower among non-tribal children compared 
with tribal children (table 2 and table 3) which indicates 
inequality in vaccination coverage.

The present study has several limitations. It did not 
report the availability of the health workforce involved 
with the EPI (eg, HAs and female welfare visitors). 
Furthermore, this study was also conducted on a small 
scale due to funding constraints; hence, the findings do 
not represent the overall picture for all of Bangladesh. 
Due to unavailability of certain data, more exploration 
of possible confounders was not possible. However, the 
study investigators wish to address these issues in future 
research.

COnClusIOns
In conclusion, this paper provides evidence that there 
is no difference in vaccination between tribal and 
non-tribal populations which is a strength of the current 
EPI. EPI is one of the most expensive, longest-running 
and successful programmes in Bangladesh. A large 
number of workers from governmental and non-govern-
mental sectors have been deployed to ensure the success 
of this expanded programme on immunisation which 
aimed to provide immunisations for all children by 1990 
in order to prevent the aforementioned six preventable 
diseases.12–14 Nevertheless, even with great effort from 
both sectors, all eligible children have not yet been vacci-
nated in rural Bangladesh. Therefore, to achieve full 
success and to save children from preventable diseases, it 
is mandatory to explore the issues obstructing the success 
of the EPI. Simultaneously, the monitoring and supervi-
sion system of the EPI should be further strengthened 
to ensure that all children become vaccinated irrespec-
tive of their socioeconomic conditions, including sex 
and religion. It is especially important that all children 
complete all doses of vaccines at the appropriate intervals 

and times. Female children should also be followed up 
properly, as this study found gender inequalities in terms 
of vaccination coverage.
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