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Abstract: The dropout rate is one of the determinants of immunization coverage and program
performance, program continuity, and follow-up. The dropout rate refers to the proportion of vaccine
recipients who did not finish their vaccination schedules, and it is determined by comparing the
number of infants who started the schedule to the number who completed it. It is the rate difference
between the first and final dosage or the rate difference between the first vaccination and the last
vaccine dropout; thus, it denotes that the first recommended dose of vaccine was received, but that the
subsequently recommended dose was missed. In India, immunization coverage has shown significant
improvements over the last two decades, but full immunization coverage has remained stagnant at
76.5%, of which 19.9% are partially immunized, and 3.6% are children who have been left out. In
India, the Universal Immunization Programme (UIP) is challenged with cases related to dropout in
immunization. Although immunization coverage in India is improving, the program is challenged by
vaccination dropouts. This study provides an analysis of the determinants of vaccination dropout in
India using data from two rounds of the National Family Health Survey. The finding shows that the
mother’s age, education, family wealth, antenatal care visit, and place of delivery were some of the
variables that significantly contributed to reducing the dropout rate of immunization among children.
The findings of this paper show that the dropout rate has reduced over a certain period of time. The
overall improvement in the rates of dropout and increase in full immunization coverage could be
attributed to various policy measures taken in the last decade in India, which brought structural
changes with a positive impact on full immunization coverage and its components.

Keywords: dropout rate; immunization; indicator; health; sustainable development goal

1. Introduction

Immunization is a process whereby an individual becomes immune or resistant to an
infectious disease, typically by the administration of a vaccine. Childhood immunization is
a preventive health behavior that is primarily taken care of by parents and caregivers [1]. It
has been proven as one of the most cost-effective health interventions worldwide, through
which several childhood diseases have been prevented or eradicated [2]. The Expanded
Program on Immunization (EPI) was launched by the World Health Organization (WHO)
in 1974, and since then, vaccines have significantly reduced vaccine-preventable diseases
(VPDs) and deaths worldwide [3]. The administration of each vaccine dose ensures that
each child is immunized at the end of their first year of life, as planned by the EPI. Im-
munization plays a critical role in achieving the Sustainable Development Goals (SDGs),
specifically SDG 3— ‘Ensure healthy lives and promote well-being for all at all ages”—and
also contributes directly or indirectly to 13 other SDGs. Childhood vaccination is one of the
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core strategies for reducing under-five mortality to fewer than 25/1000 live births by 2030
under SDG 3 [4].

Vaccination coverage is reducing in many developing countries; even where good
coverage has been attained, it has been difficult to reach out to unvaccinated children [5].
Immunization Agenda 2030 (IA2030) aims to vaccinate everyone by increasing equitable
access to and full utilization of existing and new vaccines [3]. The benefits of immunization
are not uniform, and the coverage varies widely among and within countries. Moreover,
there is limited access to vaccination programs in unstable, migratory, and conflict-torn
contexts, which comprise the poorest, marginalized, and most vulnerable populations [6].
Each year, 20 million infants do not receive a full course of even basic vaccines, and many
more miss out on newer vaccines [7].

Despite worldwide gains in immunization, underdeveloped nations have faced chal-
lenges in utilizing childhood vaccination programs. Children are immunized cost-free
through a variety of routine, scheduled, and outreach vaccination programs [8]. The 2018
Global Vaccine Action Plan (GVAP) assessment report did, however, reveal that despite
a global trend of increasing immunization coverage rates, the achievement of these im-
munization coverage indicators lagged behind, especially in low- and middle-income
countries [2]. The WHO recommends that complete immunization coverage should reach
at least 90% of children at the country level and 80% at the district level [9]. Immunization
systems’ performance is measured via multiple dimensions, including immunization cover-
age, immunization dropout, equity of coverage, the completeness of vaccines in the national
immunization schedule compared with recommended vaccines, and other administrative
indicators [10].

The dropout rate is one of the determinants of immunization coverage and program
performance, program continuity, and follow-up. Immunization dropout signifies that
the child has received the first recommended dose of the vaccine, yet has missed the next
recommended dose. It is the rate difference between the first and final dosage or the rate
difference between the first vaccination and the last vaccine dropout, so it denotes that the
first recommended dose of the vaccine was received, but the subsequent recommended
dose was missed [11,12]. The dropout rate indicates whether there is an accessibility
issue, i.e., whether there is difficulty in reaching out to the immunization services for
subsequent doses or there is an issue with the utilization of the services [13]. Reducing
immunization dropout rates is crucial for achieving high full immunization coverage rates.
The immunization dropout rate reduces the effectiveness of immunization programs, as
even a small percentage of children who fail to complete their vaccinations can significantly
decrease the overall full immunization rates.

Low dropout rates are critical to preventing morbidity and mortality from VPDs. As
per the WHO and CDC, a dropout rate greater than 5% is an indicator of immunization
program performance; on the other hand, a dropout rate greater than 10% is unacceptable,
and a dropout rate of >10% reflects the underutilization of immunization services [9,14].
The DPT1-MCV1 is preferred, as it can measure dropout over a longer time interval between
doses. In addition, the DPT1–DPT3 dropout rate measures the ability of the immunization
system to reach a child multiple times with the same antigen(s) [15–17]. Closing the dropout
ultimately leads to complete immunization. Several strategies were deployed in subsequent
years to address the low immunization coverage, including RI strengthening, supplemental
immunization activities, a global positioning system tracker, and several community-level
interventions [18]. Vaccine uptake is one of the key performance indicators of immunization
programs. Risk factors for incomplete vaccination may be different from the risk factors for
non-vaccination [19].

Despite considerable progress and the introduction of an increasing number of vac-
cines into the EPI, many children continue to go unvaccinated by their first birthday or
never complete the recommended schedule. Despite overall improvements in immuniza-
tion coverage at the national level, geographic variations in immunization coverage persist
at most subnational and district levels in India [20]. Although immunization coverage has
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shown significant improvements over the last two decades, full immunization coverage has
remained stagnant at 76.5%, of which 20% are partially immunized, and 3.6% are children
who have been left out [21]. In India, the Universal Immunization Programme (UIP) is
challenged with cases related to dropout in immunization. Due to its large population, the
country still has a significant number of partially vaccinated children, and there are huge
variations in immunization coverage across regions [22]. The distribution of immunization
coverage, timeliness, and dropout rate have been heterogeneous across health districts due
to inadequacy in immunization demand and/or service delivery. A global review of the
grey literature by Favin et al. found that the prime reasons for incomplete vaccination were
unpleasant experiences at the immunization center (e.g., poor treatment of child caregivers
at the health centers, long waiting time, lack of availability of drugs), missed opportunities
(e.g., health workers’ refusal to immunize sick children, turning away a child who lacked
a vaccination card, lack of availability of the vaccine), fear of side effects, and inadequate
knowledge about the vaccination schedule [5].

In 2019, an estimated 14 million children were unimmunized and 5.7 million were
under-immunized; these were predominantly children from lower socioeconomic classes
and rural populations in LMICs [23].

At present, there is 93.6% coverage for DPT1 and 86.7% coverage for DPT3 in India. A
handful of studies have investigated the reasons behind dropout after the first dose of DPT
or oral polio vaccine (OPV) globally, albeit within a very limited scope [24–27]. Therefore,
there is a need to explore the factors contributing to the dropout cases from vaccination in
India from the time of first vaccine is scheduled (BCG) to the last vaccine in the schedule
(MCV1) which is given in the first year of life. Therefore, the study also aimed to examine
the antigen-wise dropout and various determinants of change in immunization dropout
between two points in time. The overarching aim of the present study was to examine the
immunization dropout rate and equity gaps among children aged 12–23 months in India.

2. Method and Materials
2.1. Data Source

This study was based on secondary data sources. We used data from the fourth
and fifth rounds of the National Family Health Survey (NFHS-4, NFHS-5) [21,28]. The
NFHS surveys are nationally representative cross-sectional surveys that provide essential
information on health and family welfare, maternal and child health, and reproductive
health indicators. NFHS surveys are conducted by the Ministry of Health and Family
Welfare (MoHFW). NFHS-4 was conducted in 2015–2016, and the most recent NFHS-5
was conducted in 2019–2021. Both surveys provide district-level estimates. A total of
699,686 women from 601,509 households were interviewed in the NFHS-4 survey, whereas
724,115 women from 636,699 households were interviewed in the NFHS-5. Among them,
259,627 and 232,920 women in NFHS-4 and 5, respectively, had at least one child ever born,
and they were chosen for information on their children. In our study, we selected children
from 12–23 months of age. The selection criteria of the sample are illustrated in Figure 1.
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Figure 1. Selection procedure of the study sample from NFHS-4 and NFHS-5.

2.2. Immunization Services in India

The immunization program in India was launched in 1978 as part of the EPI. Later in
1985, it was renamed the Universal Immunization Programme. The UIP is targeting nearly
26.7 million newborns and 29 million pregnant women annually [20,29]. Table 1 outlines
the immunization schedule in India. The Pentavalent vaccine was introduced in 2011 as a
replacement for the DPT and Hepatitis B vaccines. It contains five antigens, namely, the
Hepatitis B, Diphtheria + Pertussis + Tetanus (DPT vaccine), and Hemophilus Influenza
b (Hib). The Rotavirus vaccine was launched in 2016 in a phased manner. The NFHS-4
survey did not provide information on the Pentavalent or the Rotavirus vaccines; however,
it contained information on the DPT vaccine. Therefore, for the current study, data on
DPT vaccines from NFHS-4 and DPT/Penta vaccines from NFHS-5 were considered for
comparison purposes.

Table 1. The schedule of vaccination in India.

Schedule Vaccinations

At birth Bacillus Calmette Guerin (BCG), Hepatitis B-Birth Dose, Oral
Polio vaccine (OPV)-0

At 6 weeks OPV-1, DPT/Pentavalent-1, Rotavirus vaccine (RVV)-1

At 10 weeks OPV-2, DPT/Pentavalent-2, RVV-2

At 14 weeks OPV-3, DPT/Pentavalent-3, RVV-3

At 9 months Measles/MR1

2.3. Dependent Variable

The immunization dropout rate was considered as the dependent variable, indicating
that the first recommended dose of the vaccine was received and the next recommended
dose was missed. The current study analyzed the dropout rate of BCG to MCV1, OPV1 to
OPV3, and DPT/Penta1 to DPT/Penta3. The dropout rate was calculated by dividing the
number of children aged 12–23 months who received the first recommended dose minus
the children aged 12–23 months divided by the number of children aged 12–23 months
who received the first dose. The following dropout rates were used in the present study:

Dropout Rate BCG to MCV1 =
BCG − MCV1

BCG
× 100 (1)
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Dropout Rate OPV1 to OPV3 =
OPV1 − OPV3

OPV1
× 100 (2)

Dropout Rate DPT1 to DPT3 =
DPT1 − DPT3

DPT1
× 100 (3)

2.4. Independent Variables

After the literature review, the following variables were considered as predictor
variables—mother’s age (15–19 years, 20–29 years, or 30 and above years), place of residence
(urban or rural), mother’s education level (no education, primary education, secondary
education, or higher education), religion (Hindu, Muslim, or others), wealth index (poorest,
poorer, middle richer, or richest), birth order (first, second, third, fourth, or above), sex of
the child (male or female), antenatal visits (no visit, 1–3 visits, or 4 and above visits), place of
delivery (home or public health facilities), and place of vaccination (public health facilities
or private health facilities). The wealth index was generated using principal component
analysis from data on household ownership of selected assets.

2.5. Statistical Analysis

A descriptive analysis was conducted of the coverage of antigens, including BCG, OPV-
1, OPV-2, OPV-3, DPT-1, DPT-2, DPT-3, MCV-1, and full immunization. Dropout rates were
estimated for both NFHS-4 and NFHS-5 surveys. A bivariable analysis of dropout rates
by selected background characteristics was conducted. Furthermore, logistic regression
was used to understand the factors affecting dropout rates by background characteristics.
The adjusted odds ratios, p values, and confidence intervals (CI) at 95% were estimated
and shown. In order to decompose the gap in dropout rates in NFHS-4 and NFHS-5, we
employed the Fairlie decomposition method, which is suitable for binary outcomes. The
Fairlie decomposition method is an extension of the Oaxaca–Blinder decomposition method.
Oaxaca–Blinder decomposition is used for continuous variables and uses linear regression
models. Therefore, in our study, due to the dichotomous nature of the outcome variable,
we used the Fairlie decomposition method. The methodology is briefly described below:

The decomposition for a non-linear equation, y = F(xβ), can be written as

yo − ys =

[
No

∑
i=1

F
(
xo

i βo)
No −

Ns

∑
i=1

F
(
xs

i βo)
Ns

]
+

[
No

∑
i=1

F
(
xs

i βo)
Ns −

Ns

∑
i=1

F
(
xs

i βs)
Ns

]
(4)

where Nj is the sample size for interest group j, yj is the average probability of the binary
outcome of the interest group j, and F is the cumulative distribution function from the
logistic distribution. The above equation implies the observed change between NFHS
rounds from group differences in the distribution of observable characteristics (explanatory
variable effects) and group differences in unobservable characteristics (coefficient effects).
The first term in brackets in the above equation represents the part of the gap between the
above measures due to group differences in distributions of the entire set of independent
variables or observed characteristics, and the second term represents the part due to
differences in the group processes which determined the levels of y (coefficient effect).
The second term also captures the portion of the group gap due to group differences in
immeasurable or unobserved endowments.

3. Results
3.1. Study Characteristics of the Sample

Table 2 shows that overall, 48,928 samples from NFHS-4 and 45,042 samples from
NFHS-5 were analyzed. The sample characteristics are also shown in Table 2. In the sample,
the majority of mothers’ ages fell into the 20–29 age group category, came from rural regions,
completed a secondary education, belonged to the Hindu religion, and were in the poorest
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wealth quintile. The sample consisted of children of the first and second birth orders. The
place of delivery and place of vaccination were majorly public health facilities.

Table 2. Sample characteristics of the study population.

NFHS-4 NFHS-5

% N % N

Mother’s Age
15–19 years 3.9 1718 3.6 1353
20–29 years 75.6 35,822 75.3 31,899

30 and above years 20.5 11,388 21.2 10,184

Place of residence

Urban 28.4 11,700 26.9 8879
Rural 71.6 37,228 73.1 34,557

Mother’s
Education Level

No education 27.6 13,974 19.0 8475
Primary education 13.9 6985 11.3 5171

Secondary
education 46.9 22,876 52.5 23,209

Higher education 11.6 5093 17.2 6581

Religion

Hindu 78.3 35,172 79.6 32,212
Muslim 16.9 7822 16.1 6106
Others 4.8 5934 4.3 5118

Wealth Index

Poorest 24.6 12,497 23.9 11,386
Poorer 21.6 11,306 21.4 10,073
Middle 20.2 9946 19.9 8518
Richer 18.7 8366 18.8 7446
Richest 14.9 6813 16.1 6013

Birth Order

First 38.0 18,045 39.7 16,941
Second 33.2 15,558 34.3 14,463
Third 15.3 7793 14.9 6654

Fourth and above 13.5 7532 11.1 5378

Sex of the Child

Male 51.9 25,431 52.0 22,537
Female 48.1 23,497 48.0 20,899

Antenatal visits

No visits 16.3 7980 5.9 2559
1–3 visits 32.2 16,259 34.7 14,371

4 and above visits 51.5 21,970 59.4 23,887

Place of delivery

Home 17.8 10,384 9.3 4937
Public health

facilities 54.6 27,821 63.2 28,623

Private health
facilities 27.5 10,604 27.6 9786

Place of
vaccination

Public health
facilities 92.7 42,423 85.6 11,869

Private health
facilities 7.3 2354 14.4 1175

3.2. Antigen-Wise Coverage and Dropout Rates

Overall, the full immunization coverage was 62.6% in NFHS-4 and 76.6% in NFHS-5,
which reflects an increase of 14 percentage points in full immunization between these two
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surveys. The highest coverage was observed for the BCG vaccine in both NFHS-4 (92.0%)
and NFHS-5 (95.2%). The results show that the proportion of coverage of antigens increased
from the time of the NFHS-4 survey to that of NFHS-5. A major increase of 8.2% was found
in DPT-3 vaccine coverage was found in NFHS-4. For OPV-3 and MCV-1, increases of 7.5%
and 6.7% in coverage, respectively, were observed in NFHS-5 (Figure 2).
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Figure 3 shows the proportion of children who received the first recommended dose
and dropped out before receiving the scheduled second dose. The dropout rates of BCG to
MCV1, OPV1 to OPV3, and DPT1 to DPT3 were estimated. In NFHS-4, the dropout rate for
BCG-MCV1 was 12.8%; for OPV1-OPV3, 19.7%; and for DPT-1 to DPT-3, 12.4%. Figure 3
highlights that the highest dropout was observed between OPV1 to OPV3 as compared to
the other two scenarios. The dropout rate decreased considerably in the NFHS-5 survey.
The dropout rates were 8.6%, 12.9%, and 7.4% for BCG-MCV1, OPV1-OPV3, and DPT1-
DPT3, respectively, in NFHS-5.
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3.3. State-Wise Dropout Rates

Further, state-wise dropout rates for NFHS-4 and NFHS-5 were estimated for the
states of India. The dropout rates for BCG-MCV1 were the highest in Uttar Pradesh
(20.4%), according to NFHS-4, and in Assam (12.0%), according to NFHS-5. A considerable
decrease in the dropout rates of BCG-MCV1 was observed in the majority of the states.
However, Kerala, Maharashtra, Chhattisgarh, and Punjab observed increased dropout rates.
(Figure 4).
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MCV1(NFHS-5).

The state-wise dropout rate of OPV1-OPV3 showed the highest dropout in NFHS-4
in Dadra and Nagra Haveli (37.6%), followed by Assam (32.4%). However, in NFHS-5,
the highest dropout was in Nagaland (23.8%), followed by Manipur (20.7%). A significant
reduction in the dropout rate was observed in the majority of the states, while states such
as Kerala and Punjab showed an increase in the dropout rates (Figure 5).
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The highest dropout rate for DPT1-DPT3 of the NFHS-4 group was observed in
Nagaland (23.9%), followed by Arunachal Pradesh (23.7%) and Uttar Pradesh (20.4%).
In the NFHS-5 group, the highest dropout rate was observed in Nagaland (15.0%) and
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Manipur (12.9%), followed by Kerala (11.0%) and Uttar Pradesh (11.05%) Similarly to other
dropout rates which were considered, (BCG-MCV1, OPV1-OPV3) the majority of states
showed a reduction in rates, except for Kerala, Punjab, and Chhattisgarh, where an increase
in dropout rates was observed (Figure 6).
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3.4. District-Level Dropout Rates in NFHS-4 and NFHS-5

The maps for district-level dropout rates clearly show that dropout rates have de-
creased considerably across districts from 2015–2016 to 2019–2021. A higher dropout
for BCG-MCV1 was found in the majority of northeastern districts, including Nagaland,
Mizoram, Tripura, Manipur, Meghalaya, Uttar Pradesh, and Gujarat. In NFHS-4, nearly
124 districts had dropout rates of more than 20%, while only 37 districts had dropout rates
of more than 20% in NFHS-5. This indicates that substantial improvement in the dropout
rate for BCG-MCV1 occurred in 5 years (Figure 7).

1 
 

 Figure 7. (a) District level dropout rate for BCG-MCV1 (NFHS-4), (b) district level dropout rate for
BCG-MCV1(NFHS-5).
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DPT-3 shows that in NFHS-4, 126 districts had dropout rates of more than 20%, while
in NFHS-5, only 17 districts had dropout rates of more than 20% (Figure 8).
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The dropout rate for OPV1-OPV3 was the highest observed across the districts of
India. It was found that in NFHS-4, 299 districts had more than 20% dropout rates, and
in NFHS-5, this was true for 115 districts. The highest dropout rates were observed in
Nagaland, Manipur, Meghalaya, Bihar, and Andhra Pradesh (Figure 9).
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3.5. Dropout Rates by Background Characteristics

The dropout rates were higher in children whose mothers were not educated. It was
observed that as the level of education of the mother increased, the dropout rates decreased.
The dropout rate was also higher among mothers belonging to the poorest quintile. The
dropout rate decreased considerably as the standard of living increased. It was evident that
there were lower dropout rates among first-order births, while for higher birth orders, the
level of dropout increased. Similarly, dropout rates were higher in children delivered in the
home, as mothers did not receive any antenatal care, and vaccination was performed in
private health facilities (Table 3).

Table 3. Percentage distribution of dropout rates by background characteristics in NFHS-4 and NFHS-5.

NFHS-4 NFHS-5 NFHS-4 NFHS-5 NFHS-4 NFHS-5

DO BCG-MCV1 DO BCG-MCV1 DO OPV1-OPV3 DO OPV1-OPV3 DO DPT1-DPT3 DO DPT1-DPT3

% N % N % N % N % N % N

Mother’s Age
15–19 years 13.4 248 9.5 141 19.3 350 15.9 193 12.9 233 8.0 125
20–29 years 12.4 4418 8.5 2553 19.4 6453 12.8 3604 12.0 4152 7.1 2129

30 and above years 14.3 1502 9.1 842 20.9 2063 12.9 1142 13.7 1347 8.1 684

Place of Residence

Urban 11.5 1370 8.8 724 20.0 2008 13.7 1043 11.2 1269 7.1 558
Rural 13.3 4798 8.5 2812 19.5 6858 12.6 3896 12.9 4463 7.5 2380

Mother’s Education
Level

No education 18.4 2286 13.3 1002 24.3 2992 17.3 1232 17.5 2084 10.3 779
Primary education 14.2 1000 9.7 494 21.0 1346 13.6 645 13.2 885 8.7 408

Secondary
education 10.7 2495 7.5 1694 17.5 3777 11.5 2430 10.6 2364 6.5 1435

Higher education 7.2 387 6.5 346 16.5 751 12.1 632 8.0 399 6.3 316

Religion

Hindu 12.0 4103 7.9 2271 19.5 6363 12.5 3467 12.0 4023 7.0 1989
Muslim 17.1 1242 12.7 719 21.8 1490 15.3 814 15.2 1045 9.6 543
Others 11.4 823 7.0 546 14.9 1013 10.9 658 9.7 664 5.9 406

Wealth Index

Poorest 17.1 1969 11.5 1237 23.4 2708 16.1 1607 16.7 1822 9.4 1024
Poorer 14.5 1628 9.1 887 20.4 2226 13.0 1160 13.3 1469 8.1 739
Middle 12.1 1160 7.2 582 18.9 1656 11.3 874 11.7 1062 5.9 475
Richer 10.5 866 7.7 488 17.8 1311 11.6 710 10.2 853 7.3 419
Richest 7.6 545 6.6 342 16.3 965 11.7 588 8.3 526 5.6 281

Birth Order

First 10.5 1936 6.8 1121 17.2 2990 11.6 1719 10.2 1833 5.8 938
Second 11.9 1857 8.4 1114 19.0 2770 12.6 1599 11.5 1753 7.5 961
Third 15.5 1134 10.5 641 23.4 1553 14.9 847 15.0 1033 8.6 523

Fourth and above 18.9 1241 13.7 660 24.6 1553 16.4 774 18.5 1113 11.0 516

Sex of the Child

Male 12.2 3129 8.5 1795 20.3 4690 12.8 2503 12.7 3018 7.3 1503
Female 13.4 3039 8.8 1741 18.9 4176 13.1 2436 12.1 2714 7.5 1435

Antenatal visits

No visits 21.4 1444 14.5 360 26.3 1768 18.8 421 20.7 1323 11.5 270
1–3 visits 14.8 2325 10.9 1399 22.0 3297 15.7 1920 14.5 2189 9.3 1203

4 or above visits 9.2 2066 6.8 1556 16.2 3278 10.6 2280 8.8 1890 6.0 1292

Place of delivery

Home 18.6 1703 13.8 662 24.0 2205 18.9 821 19.1 1630 12.2 548
Public health

facilities 12.4 3360 8.3 2192 18.7 4844 12.0 2998 11.5 2988 7.0 1821

Private health
facilities 10.2 1084 7.8 676 19.0 1792 13.1 1111 10.5 1091 6.9 564
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Table 3. Cont.

NFHS-4 NFHS-5 NFHS-4 NFHS-5 NFHS-4 NFHS-5

DO
BCG-MCV1

DO
BCG-MCV1

DO
OPV1-OPV3

DO
OPV1-OPV3

DO
DPT1-DPT3

DO
DPT1-DPT3

% N % N % N % N % N % N

Place of
vaccination

Public health
facilities 12.6 5632 9.9 1151 19.4 8181 12.9 1409 12.2 5247 7.2 819

Private health
facilities 12.0 319 13.8 151 23.6 492 20.0 213 12.0 289 10.5 92

3.6. Factors Affecting Dropout Rates

Table 4 shows predictors of immunization dropout in the study area. In the binary
multivariate analysis, it was found that mothers aged 20–29 years (OR: 0.805, 95% CI:
0.69–0.94) and 30 and above years (OR: 0.728, 95% CI:0.61–0.86) were 20% and 27% less
likely to drop out from BCG-MCV1 immunization schedule as compared to mothers aged
15–19 years in 2015–2016, and 44% and 58% less likely in 2019–2021. A similar relation
of the mother’s age with the dropout rate of OPV1-OPV3 and the dropout rate of DPT1-
DPT3 was observed across surveys. Rural women, as compared to urban women, were
less likely to drop out of the immunization schedule. The mother’s education level was
found to be a significant factor in reducing the dropout rates. It was observed that as
the level of education increased among mothers, the dropout rate decreased. Mothers
who completed higher education were 44%, 26%, and 23% less likely to drop out of BCG-
MCV1, OPV1-OPV3, and DPT1-DPT3 immunization schedules, respectively, in 2019–2021.
Children of Muslim mothers and mothers from other religions were more likely to drop
out as compared to children of Hindu mothers. The mother’s wealth index status was
found to significantly affect the dropout rates. It was observed that as the wealth index
status of mothers improved from poorer to richer, the likelihood of dropping out of the
immunization schedule decreased considerably. This relationship was the same for all
vaccination dropout schedules considered in the study across different surveys.

Third and subsequent birth order children were found to be more likely to miss the
vaccination schedule as compared to children of first-order birth. Antenatal visits were
also found to be a major contributing factor to decreasing the dropout rate. Mothers who
attended 4 or above antenatal visits were less likely to drop out of the immunization
schedule. It was observed that women who attended 4 or above antenatal visits were
45%, 38%, and 40% less likely to drop out of BCG-MCV1, OPV1-OPV3, and DPT1-DPT3,
respectively. Place of delivery and place of vaccination were also found to be associated
with dropout rates. It was observed that women who delivered in public and private
hospitals were less likely to drop out. It was also found that children vaccinated in private
health facilities were more likely to drop out as compared to children vaccinated in public
health facilities.
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Table 4. Factors affecting dropout rates in NFHS-4 and NFHS-5 using a logistic regression model.

NFHS-4 NFHS-5 NFHS-4 NFHS-5 NFHS-4 NFHS-5

DO BCG-MCV1 DO BCG-MCV1 DO OPV1-OPV3 DO OPV1-OPV3 DO DPT1-DPT3 DO DPT1-DPT3
Odds Ratio 95% CI Odds Ratio 95% CI Odds Ratio 95% CI Odds Ratio 95% CI Odds Ratio 95% CI Odds Ratio 95% CI

Mother’s Age
15–19 years®

20–29 years 0.81 *** (0.69–0.94) 0.56 *** (0.4–0.78) 0.85 ** (0.74–0.97) 0.70** (0.5–0.97) 0.79 *** (0.66–0.91) 0.53 *** (0.36–0.77)
30 and above years 0.73 *** (0.61–0.86) 0.42 *** (0.29–0.61) 0.80 *** (0.69–0.92) 0.56 *** (0.39–0.79) 0.70 *** (0.58–0.83) 0.41 *** (0.27–0.62)

Place of Residence

Urban®

Rural 0.81 *** (0.75–0.88) 0.74 *** (0.64–0.86) 0.87 *** (0.82–0.93) 0.78 *** (0.68–0.89) 0.83 *** (0.76–0.9) 0.85 * (0.72–1.02)

Mother’s Education
Level

No education®

Primary education 0.92 * (0.84–1.01) 0.85 (0.68–1.06) 0.92 ** (0.85–0.99) 0.87 (0.7–1.09) 0.88 *** (0.8–0.97) 0.95 (0.72–1.24)
Secondary education 0.77 *** (0.72–0.84) 0.69 *** (0.58–0.82) 0.83 *** (0.78–0.89) 0.82 ** (0.69–0.97) 0.79 *** (0.73–0.86) 0.85 (0.69–1.06)

Higher education 0.63 *** (0.54–0.72) 0.56 *** (0.44–0.72) 0.82 *** (0.73–0.92) 0.74 *** (0.59–0.92) 0.70 *** (0.6–0.8) 0.77 * (0.57–1.03)

Religion

Hindu®

Muslim 1.53 *** (1.42–1.65) 1.45 *** (1.23–1.71) 1.13 *** (1.05–1.21) 1.13 (0.96–1.32) 1.27 *** (1.17–1.38) 1.39 *** (1.14–1.68)
Others 1.49 *** (1.36–1.62) 1.25 *** (1.07–1.46) 1.03 (0.95–1.12) 1.19 ** (1.03–1.37) 1.16 *** (1.05–1.28) 1.16 (0.97–1.39)

Wealth Index

Poorest®

Poorer 1.01 (0.93–1.09) 0.78 *** (0.65–0.93) 0.96 (0.9–1.03) 0.86 (0.72–1.04) 0.97 (0.89–1.05) 0.83 * (0.67–1.03)
Middle 0.88 *** (0.8–0.96) 0.59 *** (0.48–0.72) 0.81 *** (0.75–0.88) 0.72 *** (0.59–0.87) 0.86 *** (0.78–0.94) 0.63 *** (0.5–0.8)
Richer 0.78 *** (0.7–0.87) 0.55 *** (0.44–0.69) 0.76 *** (0.7–0.84) 0.62 *** (0.5–0.77) 0.84 *** (0.75–0.93) 0.59 *** (0.46–0.77)
Richest 0.61 *** (0.53–0.69) 0.44 *** (0.34–0.57) 0.65 *** (0.58–0.73) 0.69 *** (0.55–0.87) 0.60 *** (0.52–0.69) 0.55 *** (0.41–0.74)

Birth Order

First®

Second 1.06 (0.98–1.14) 1.16 ** (1–1.35) 1.05 (0.99–1.12) 1.11 (0.97–1.26) 1.07 (0.99–1.15) 1.15 (0.96–1.37)
Third 1.22 *** (1.12–1.34) 1.50 *** (1.23–1.82) 1.13 *** (1.05–1.22) 1.37 *** (1.14–1.64) 1.16 *** (1.06–1.27) 1.40 *** (1.11–1.75)

Fourth and above 1.26 *** (1.14–1.39) 1.88 *** (1.51–2.36) 1.14 *** (1.04–1.24) 1.48 *** (1.19–1.84) 1.24 *** (1.11–1.38) 1.73 *** (1.33–2.26)

Sex of the Child

Male®

Female 1.04 (0.98–1.1) 0.95 (0.84–1.07) 0.94 *** (0.89–0.99) 1.02 (0.91–1.14) 0.94 ** (0.89–1) 1.02 (0.88–1.17)
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Table 4. Cont.

NFHS-4 NFHS-5 NFHS-4 NFHS-5 NFHS-4 NFHS-5

DO BCG-MCV1 DO BCG-MCV1 DO OPV1-OPV3 DO OPV1-OPV3 DO DPT1-DPT3 DO DPT1-DPT3
Odds Ratio 95% CI Odds Ratio 95% CI Odds Ratio 95% CI Odds Ratio 95% CI Odds Ratio 95% CI Odds Ratio 95% CI

Antenatal visits

No visits®

1–3 visits 0.67 *** (0.62–0.73) 0.89 (0.71–1.12) 0.80 *** (0.74–0.86) 0.95 (0.76–1.19) 0.69 *** (0.63–0.74) 0.91 (0.69–1.19)
4 or above visits 0.47 *** (0.43–0.51) 0.55 *** (0.44–0.69) 0.57 *** (0.53–0.62) 0.62 *** (0.5–0.77) 0.45 *** (0.41–0.49) 0.60 *** (0.46–0.78)

Place of delivery

Home®

Public health facilities 0.81 *** (0.75–0.87) 0.81 ** (0.66–1) 0.83 *** (0.78–0.89) 0.72 *** (0.59–0.88) 0.70 *** (0.65–0.75) 0.66 *** (0.52–0.83)
Private health facilities 0.78 *** (0.71–0.87) 0.8 (0.62–1.04) 0.89 *** (0.82–0.97) 0.81 * (0.64–1.02) 0.78 *** (0.71–0.87) 0.71 ** (0.53–0.95)

Place of vaccination

Public health facilities®

Private health facilities 1.69 *** (1.46–1.95) 2.24 *** (1.78–2.81) 1.53 *** (1.36–1.73) 2.05 *** (1.69–2.49) 1.58 *** (1.36–1.83) 1.64 *** (1.25–2.15)

Significance: * p < 0.05; ** p < 0.01; *** p < 0.001.
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3.7. Decomposition Result of Gap in the Dropout Rate

Table 5 provides a summary of the decomposition analysis. The dropout rate prob-
ability values for BCG-MCV1 were 0.137 and 0.101 in NFHS-4 and NFHS-5, respectively.
The dropout rate probability values for OPV1-OPV3 were 0.200 and 0.132 in NFHS-4 and
NFHS-5, respectively. The dropout rate probability values for DPT1-DPT3 were 0.129 and
0.073 in NFHS-4 and NFHS-5, respectively. The gaps between the surveys for dropout rates
were 0.036, 0.069, and 0.057 for BCG-MCV1, OPV1-OPV3, and DPT1-DPT3, respectively.

Table 5. Fairlie decomposition results of gaps in dropout rates in the NFHS-4 and NFHS-5 surveys.

DO BCG-MCV1 DO OPV1-OPV3 DO DPT1-DPT3
Covariates Coeff. SE Coeff. SE Coeff. SE

Mother’s Age 0.0006 0.0001 0.0008 0.0002 0.0006 0.0001

Place of Residence −0.0031 0.0006 −0.0027 0.0007 −0.0028 0.0006

Mother’s Education Level 0.0081 0.0009 0.0068 0.0012 0.0068 0.0010

Religion −0.0089 0.0008 −0.0014 0.0006 −0.0036 0.0007

Wealth Index 0.0056 0.0008 0.0069 0.0009 0.0043 0.0008

Birth Order 0.0022 0.0004 0.0016 0.0004 0.0016 0.0004

Sex of the Child 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

Antenatal Visits 0.0142 0.0008 0.0134 0.0008 0.0137 0.0008

Place of Delivery 0.0024 0.0005 0.0015 0.0005 0.0025 0.0005

Place of Vaccination −0.001 0.0002 −0.0019 0.0002 −0.001 0.0002

Mean prediction in NFHS-4 0.137 0.200 0.129

Mean prediction in NFHS-5 0.101 0.132 0.073

Total Gap 0.036 0.069 0.057

Explained Gap 0.020 0.025 0.022

Explained Gap (%) 55.9 36.5 39.2

Sample size 53,187 52,272 51,897

The results showed that about 56% of the gap in the dropout rate of BCG-MCV1
between the surveys could be explained by the predictors included in the analysis. However,
the predictors explained nearly 37% and 39% of the gaps in the dropout rates of OPV1-OPV3
and DPT1 to DPT3, respectively, between the surveys.

Figure 10 presents the details of the decomposition analysis, showing the contribution
of predictors to explaining the gaps in dropout rates between the surveys. The results
revealed that antenatal visits were the main contributor, explaining about 70% of the gap
in BCG-MCV1 dropout between the surveys. Similarly, antenatal visits were a major
contributor to the gaps in the dropout rates of OPV1-OPV3 and DPT1-DPT3 between the
surveys. The mother’s level of education was another important contributor, explaining
40% of the gap in BCG-MCV1 dropout, 27% of the gap in OPV1-OPV3 dropout, and 31%
of the gap in DPT1-DPT3 dropout. The third major contributor was the wealth index,
explaining 28%, 28%, and 19%, respectively, for DO BCG-MCV1, DO OPV1-OPV3, and
DO DPT1-DPT3. Place of delivery also explained 12%, 6%, and 11%, respectively, for the
considered dropout rates. The sex of the child was found to have no effect on the gaps in
dropout rates between the surveys.
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4. Discussion

Vaccines have the power not only to save lives, but also to give children a chance to
grow up healthy and improve their life prospects. Though immunization coverage in India
is improving, the program is challenged by vaccination dropouts. However, immunization
will become more effective if children receive the full course of recommended vaccination
doses. The problem of dropout has different program-related consequences as compared to
left-out children. Routinely, dropout is used as an indicator of an immunization program’s
performance, and low dropout rates indicate good access to and utilization of immunization
services. This study provides an analysis of the determinants of vaccination dropout
in India using data from the National Family Health Survey. The findings show that
the mother’s age, education, family wealth, antenatal care visits, and place of delivery
were some of the variables that significantly contributed to reducing the dropout rate of
immunization among children. There was inter-survey improvement, as the reduction in
dropouts contributed to about a 14% increase in full childhood vaccination coverage [21,28].
The current study revealed that BCG has the highest coverage, followed by Penta-1. The
findings also revealed a high dropout rate of 12.9% between OPV-1 and OPV-3 and our
results are in line with a few other studies [15,29]. The state and district-level dropout rates
show that among all the states, the dropout rates were high among the north-eastern states
of India.

The findings show that children born from mothers who were less educated were
more likely to drop out across all antigens as compared with those born from mothers
who were more educated. This is because mothers who are well educated might have
greater autonomy, shifts from conventional views, and control over household resources.
As a result, they may have improved healthcare-seeking behavior and may be capable of
absorbing new health information more rapidly. Similarly, the findings also demonstrated
that children belonging to the poorest wealth quintile were more likely to drop out of
vaccination as compared with children in the highest wealth quintile across all antigens.
Caregivers may dwell in richer households; thus, they might not have barriers to accessing
services at health facilities compared to poorer families. The findings of this paper also
reflect that religion plays a significant role in explaining dropouts. The Muslim population
was more likely to drop out of vaccination as compared to the non-minority population. The
possible explanation for this difference might be due to inadequate information provision
about the importance of child vaccination completion while receiving maternal and child
health services from health personnel, in addition to socio-cultural differences and lack of
trust [10,30]. This study also found that the age of the mother was significantly associated
with dropout. Mothers aged 20 years or older were less likely to drop out than those aged
20 years or younger. This result was supported by findings of other studies conducted
at the state level in India. This may be due to early pregnancy, lack of knowledge of
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antenatal and postnatal care, and poor home visit rounds by health workers for counselling
young mothers [11]. This shows that the likelihood of defaulting from completion of
child vaccination was greater among mothers/caregivers residing in urban areas across all
antigens, in the wake of rapid urbanization in recent years. This study was consistent with
studies conducted in other parts of the world that revealed a failure to cater to the urban
poor and slum population, and this is considered as an obstacle to achieving complete
vaccination [11,26,31–33]. A possible explanation of these findings may be the loss of access
to health facilities in urban slums and the lack of advice regarding the benefits of child
vaccination that causes mothers/caregivers to default from child immunization. The other
explanation for rural areas’ high vaccination coverage is that frontline health workers
in rural India serve as an important link to authorized health institutions by providing
various services to people’s homes. Accredited social health activists (ASHA), Anganwadi
(AWW), and auxiliary nurse midwives (ANM) are vital frontline health professionals who
are recruited from the communities they serve. Rural communities are more tightly bonded
than metropolitan populations. The multidimensional nature of the rural healthcare system
makes involvements outside the conventional design essential for ensuring the smooth
delivery of services.

The findings of our study are in line with the previous literature on immunization
dropout in general. Vaccination status was significantly associated with the full completion
of antenatal check-ups. Mothers who attended regular ANC follow-ups or completed 4
ANCs were 45% (BCG-MCV1), 38% (OPV1-OPV3), and 40% (DPT1-DPT3) less likely to
drop out as compared to their counterparts [18,26,34]. A possible explanation could be
that mothers who have not visited health facilities for ANCs might have no exposure to
information about the importance of completing vaccination. Place of delivery was also
associated with vaccination dropouts. Children delivered at a public health facility were
more likely to complete the vaccination schedule as compared to children delivered at
home-based facilities [35,36]. The findings of our study also demonstrated that dropout was
more likely with child immunization in private health facilities as compared to public health
facilities. In general, it has been observed that in private health facilities, immunization
is more expensive. At public hospitals, the average cost of immunization is lower than
in private hospitals. Whatever individuals spend on immunization in public hospitals
may be ascribed to transportation costs or other indirect costs, as immunization in public
hospitals is free in India. The high dropout rate for the OPV vaccine may be due to the
difficulty of maintaining accurate records of oral vaccines such as OPV, as they are often
administered in campaign mode outside of clinical settings. This can make it challenging
to properly document the administration of the vaccine, unlike injectable vaccines, which
are typically given in a health facility and recorded in the child’s immunization record.
The overall improvement in dropout and increase in full immunization coverage could
be attributed to various policy measures undertaken in the last decade in India, such as
the electronic vaccine intelligence network, Misson Indhradhanush, Intensified Mission
Indradhanush, and the Janani Suraksha Yojana (JSY) scheme, which have strengthened
the public health system and brought about structural changes with a positive impact on
full immunization coverage and its components. However, the study has a few limitations
as well. The study was based on large-scale, nationally representative, household-based
survey data. The information collected on immunization was restricted to whether child
received particular vaccine or not, and due to this data constraint, the study was unable to
explore the specific reasons behind the dropout. Furthermore, the study did not differentiate
between supply-side and demand-side determinants of the program, which could be useful
in understanding the specific factors contributing to the dropout rate. While the study
highlighted the association between the type of vaccine and the dropout rate, it did not
identify the specific factors contributing to the higher dropout rate for OPV. Further research
that explores the specific reasons behind the dropout and distinguishes between supply-
side and demand-side factors could provide more nuanced insights into how to improve
immunization coverage and reduce dropout rates.
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5. Conclusions

The findings of this paper demonstrate that the dropout rate has reduced over the
period of time. However, immunization dropout still poses a significant challenge in
terms of ensuring that children receive the full protection provided by vaccines in India.
Understanding the factors that contribute to immunization dropout and developing strate-
gies to address these factors is essential for promoting public health, as well as for the
country to achieve the target of full immunization coverage. Though the government
and donor-funded programs have been consistently making efforts to improve childhood
immunization, especially in the states of northern and central India, focus on the north-
eastern region has been limited. Continued efforts to improve access to vaccines, address
vaccine hesitancy, and promote awareness about the benefits of vaccination are essential for
reducing dropout and achieving the target of 90% full immunization coverage in a defined
time frame.

Author Contributions: Conceived and designed the research paper: P.D., A.K.S. and S.K.; analyzed
the data: M.D. and A.K.S.; wrote the manuscript: H.A., A.K.S. and G.T.; refined the manuscript, P.P.
and G.T. All authors have read and agreed to the published version of the manuscript.

Funding: This research did not receive any external funding to be disclosed.

Institutional Review Board Statement: The study is based on secondary data which are available in
the public domain; hence, there was no ethical approval required for this study.

Informed Consent Statement: This study used secondary data available in the public domain; hence,
no informed consent was required for this study.

Data Availability Statement: The data are available in the public domain and can be downloaded
upon request. accessed on 29 December 2022, https://dhsprogram.com/data/available-datasets.cfm.

Conflicts of Interest: The author declares there are no conflict of interest to be declared.

References
1. Wondimu, A.; Cao, Q.; Asuman, D.; Almansa, J.; Postma, M.J.; van Hulst, M. Understanding the improvement in full childhood

vaccination coverage in Ethiopia using Oaxaca–blinder decomposition analysis. Vaccines 2020, 8, 505. [CrossRef]
2. Ali, H.A.; Hartner, A.M.; Echeverria-Londono, S.; Roth, J.; Li, X.; Abbas, K.; Portnoy, A.; Vynnycky, E.; Woodruff, K.; Ferguson,

N.M.; et al. Vaccine equity in low and middle income countries: A systematic review and meta-analysis. Int. J. Equity Health 2022,
21, 82. [CrossRef] [PubMed]

3. Greenwood, B. The contribution of vaccination to global health: Past, present and future. Philos. Trans. R. Soc. B Biol. Sci. 2014,
369, 20130433. [CrossRef] [PubMed]

4. Wallace, A.S.; Ryman, T.K.; Privor-Dumm, L.; Morgan, C.; Fields, R.; Garcia, C.; Sodha, S.; Lindstrand, A.; Lochlainn, L.N. Leaving
no one behind: Defining and implementing an integrated life course approach to vaccination across the next decade as part of the
immunization Agenda 2030. Vaccine, 2022; in press. [CrossRef] [PubMed]

5. Favin, M.; Steinglass, R.; Fields, R.; Banerjee, K.; Sawhney, M. Why children are not vaccinated: A review of the grey literature.
Int. Health 2012, 4, 229–238. [CrossRef] [PubMed]

6. Périères, L.; Séror, V.; Boyer, S.; Sokhna, C.; Peretti-Watel, P. Reasons given for non-vaccination and under-vaccination of children
and adolescents in sub-Saharan Africa: A systematic review. Hum. Vaccines Immunother. 2022, 18, 2076524. [CrossRef] [PubMed]

7. Feikin, D.R.; Flannery, B.; Hamel, M.J.; Stack, M.; Hansen, P.M. Vaccines for children in low-and middle-income countries.
In Reproductive, Maternal, Newborn, and Child Health: Disease Control Priorities; The World Bank: Washington, DC, USA, 2006;
Volume 2, pp. 187–205.

8. Wariri, O.; Edem, B.; Nkereuwem, E.; Nkereuwem, O.O.; Umeh, G.; Clark, E.; Idoko, O.T.; Nomhwange, T.; Kampmann, B.
Tracking coverage, dropout and multidimensional equity gaps in immunisation systems in West Africa, 2000–2017. BMJ Glob.
Health 2019, 4, e001713. [CrossRef] [PubMed]

9. World Health Organization. Global Routine Immunization Strategies and Practices (GRISP): A Companion Document to the Global
Vaccine Action Plan (GVAP); WHO: Geneva, Switzerland, 2016.

10. Ateudjieu, J.; Yakum, M.N.; Goura, A.P.; Tembei, A.M.; Ingrid, D.K.; Bita’a Landry, B.; Kenfack, B.; Amada, L.; Tadzong, I.;
Bissek, A.C. EPI immunization coverage, timeliness and dropout rate among children in a West Cameroon health district: A
cross-sectional study. BMC Public Health 2020, 20, 228. [CrossRef]

11. Chanie, M.G.; Ewunetie, G.E.; Molla, A.; Muche, A. Determinants of vaccination dropout among children 12–23 months age in
north Gondar zone, northwest Ethiopia, 2019. PLoS ONE 2021, 16, e0246018. [CrossRef]

12. Mane, A.B. Letter to Editor: Immunization Dropout Rates: Some Issues. Ann. Med. Health Sci. Res. 2015, 5, 153.

https://dhsprogram.com/data/available-datasets.cfm
https://doi.org/10.3390/vaccines8030505
https://doi.org/10.1186/s12939-022-01678-5
https://www.ncbi.nlm.nih.gov/pubmed/35701823
https://doi.org/10.1098/rstb.2013.0433
https://www.ncbi.nlm.nih.gov/pubmed/24821919
https://doi.org/10.1016/j.vaccine.2022.11.039
https://www.ncbi.nlm.nih.gov/pubmed/36503859
https://doi.org/10.1016/j.inhe.2012.07.004
https://www.ncbi.nlm.nih.gov/pubmed/24029668
https://doi.org/10.1080/21645515.2022.2076524
https://www.ncbi.nlm.nih.gov/pubmed/35709342
https://doi.org/10.1136/bmjgh-2019-001713
https://www.ncbi.nlm.nih.gov/pubmed/31565416
https://doi.org/10.1186/s12889-020-8340-6
https://doi.org/10.1371/journal.pone.0246018


Vaccines 2023, 11, 836 19 of 19

13. Baguune, B.; Ndago, J.A.; Adokiya, M.N. Immunization dropout rate and data quality among children 12–23 months of age in
Ghana. Arch. Public Health 2017, 75, 18. [CrossRef]

14. Feldstein, L.R.; Mariat, S.; Gacic-Dobo, M.; Diallo, M.S.; Conklin, L.M.; Wallace, A.S. Global routine vaccination coverage, 2016.
Morb. Mortal. Wkly. Rep. 2017, 66, 1252. [CrossRef]

15. Mmanga, K.; Mwenyenkulu, T.E.; Nkoka, O.; Ntenda, P.A. Tracking immunization coverage, dropout and equity gaps among
children ages 12–23 months in Malawi–bottleneck analysis of the Malawi Demographic and Health Survey. Int. Health 2022, 14,
250–259. [CrossRef] [PubMed]

16. Atnafu, N.; Asmare Adela, G.; Dagnaw Tegegne, K.; Birhan Assfaw, B. Vaccination dropout among children in Sub-Saharan
Africa: Systematic review and meta-analysis. Hum. Vaccin. Immunother. 2022, 18, 2145821.

17. Zewdie, A.; Letebo, M.; Mekonnen, T. Reasons for defaulting from childhood immunization program: A qualitative study from
Hadiya zone, Southern Ethiopia. BMC Public Health 2016, 16, 1240. [CrossRef] [PubMed]

18. Singh, S.; Sahu, D.; Agrawal, A.; Vashi, M.D. Evaluation of vaccination coverage and dropout rates among children aged 12–23
months in the slums of Mumbai, India: Preliminary analysis of a cross sectional study. Int. J. Manag. Soc. Sci. 2017, 5, 112–123.

19. Imran, W.; Abbas, F.; Javed, S.A. What is causing high polio vaccine dropout among Pakistani children? Public Health 2018, 164,
16–25. [CrossRef]

20. Francis, M.R.; Nuorti, J.P.; Kompithra, R.Z.; Larson, H.; Balraj, V.; Kang, G.; Mohan, V.R. Vaccination coverage and factors
associated with routine childhood vaccination uptake in rural Vellore, southern India, 2017. Vaccine 2019, 37, 3078–3087.
[CrossRef]

21. International Institute for Population Sciences (IIPS) and ICF. National Family Health Survey (NFHS-5), 2019–2021; IIPS: Mumbai,
India, 2021; Volume I.

22. Wahl, B.; Gupta, M.; Erchick, D.J.; Patenaude, B.N.; Holroyd, T.A.; Sauer, M.; Blunt, M.; Santosham, M.; Limaye, R.J. Change in
full immunization inequalities in Indian children 12–23 months: An analysis of household survey data. BMC Public Health 2021,
21, 841. [CrossRef]

23. Utazi, C.E.; Pannell, O.; Aheto, J.M.; Wigley, A.; Tejedor-Garavito, N.; Wunderlich, J.; Hagedorn, B.; Hogan, D.; Tatem, A.J.
Assessing the characteristics of un-and under-vaccinated children in low-and middle-income countries: A multi-level cross-
sectional study. PLOS Glob. Public Health 2022, 2, e0000244. [CrossRef]

24. Thapa, K.; Adhikary, P.; Faruquee, M.H.; Suwal, B.R. Associated Factors for Dropout of First Vs Third Doses of Diphtheria
Tetanus Pertussis (DPT) Vaccination in Nepal. Adv. Prev. Med. 2021, 2021, 1319090. [CrossRef]

25. Madhavi, N.; Manikyamba, D. Evaluation of immunization status and factors responsible for drop outs in primary immunization
in children between 1–2 years–A hospital based study. Pediatr. Rev. Int. J. Pediatr. Res. 2016, 3, 332. [CrossRef]

26. Ntenda, P.A.; Sixpence, A.; Mwenyenkulu, T.E.; Mmanga, K.; Chirambo, A.C.; Bauleni, A.; Nkoka, O. Determinants of pentavalent
and measles vaccination dropouts among children aged 12–23 months in The Gambia. BMC Public Health 2022, 22, 520. [CrossRef]

27. Hong, R.; Chhea, V. Trend and inequality in immunization dropout among young children in Cambodia. Matern. Child Health J.
2010, 14, 446–452. [CrossRef]

28. International Institute for Population Sciences (IIPS) and ICF. National Family Health Survey (NFHS-4), 2015–2016; IIPS: Mumbai,
India, 2017.

29. Ghosh, A.; Laxminarayan, R. Demand-and supply-side determinants of diphtheria-pertussis-tetanus nonvaccination and dropout
in rural India. Vaccine 2017, 35, 1087–1093. [CrossRef] [PubMed]

30. Kayembe-Ntumba, H.C.; Vangola, F.; Ansobi, P.; Kapour, G.; Bokabo, E.; Mandja, B.A.; Bompangue, D. Vaccination dropout rates
among children aged 12–23 months in Democratic Republic of the Congo: A cross-sectional study. Arch. Public Health 2022, 80, 18.
[CrossRef] [PubMed]

31. Awasthi, A.; Pandey, C.M.; Singh, U.; Kumar, S.; Singh, T.B. Maternal determinants of immunization status of children aged 12–23
months in urban slums of Varanasi, India. Clin. Epidemiol. Glob. Health 2015, 3, 110–116. [CrossRef]

32. Datta, A.; Mog, C.; Das, S.; Datta, S. A cross-sectional study to assess the immunization coverage and vaccine dropout rates
among 12 to 23 months old children in a rural area of Tripura. Int. J. 2017, 6, 394. [CrossRef]

33. Haji, A.; Lowther, S.; Ngan’Ga, Z.; Gura, Z.; Tabu, C.; Sandhu, H.; Arvelo, W. Reducing routine vaccination dropout rates:
Evaluating two interventions in three Kenyan districts, 2014. BMC Public Health 2016, 16, 152. [CrossRef] [PubMed]

34. Kulkarni, S.; Thampi, V.; Deshmukh, D.; Gadhari, M.; Chandrasekar, R.; Phadke, M. Trends in Urban Immunization Coverage in
India: A Meta-Analysis and Meta-Regression. Indian J. Pediatr. 2021, 90, 38–48. [CrossRef]

35. Ekouevi, D.K.; Gbeasor-Komlanvi, F.A.; Yaya, I.; Zida-Compaore, W.I.; Boko, A.; Sewu, E.; Lacle, A.; Ndibu, N.; Toke, Y.; Landoh,
D.E. Incomplete immunization among children aged 12–23 months in Togo: A multilevel analysis of individual and contextual
factors. BMC Public Health 2018, 18, 952. [CrossRef] [PubMed]

36. Ntenda, P.A.M.; Chuang, K.Y.; Tiruneh, F.N.; Chuang, Y.C. Analysis of the effects of individual and community level factors on
childhood immunization in Malawi. Vaccine 2017, 35, 1907–1917. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1186/s13690-017-0186-8
https://doi.org/10.15585/mmwr.mm6645a3
https://doi.org/10.1093/inthealth/ihab038
https://www.ncbi.nlm.nih.gov/pubmed/34153106
https://doi.org/10.1186/s12889-016-3904-1
https://www.ncbi.nlm.nih.gov/pubmed/27938363
https://doi.org/10.1016/j.puhe.2018.07.008
https://doi.org/10.1016/j.vaccine.2019.04.058
https://doi.org/10.1186/s12889-021-10849-y
https://doi.org/10.1371/journal.pgph.0000244
https://doi.org/10.1155/2021/1319090
https://doi.org/10.17511/ijpr.2016.i05.10
https://doi.org/10.1186/s12889-022-12914-6
https://doi.org/10.1007/s10995-009-0466-1
https://doi.org/10.1016/j.vaccine.2016.12.024
https://www.ncbi.nlm.nih.gov/pubmed/28081971
https://doi.org/10.1186/s13690-021-00782-2
https://www.ncbi.nlm.nih.gov/pubmed/34986887
https://doi.org/10.1016/j.cegh.2014.07.004
https://doi.org/10.5455/ijmsph.2017.05082016629
https://doi.org/10.1186/s12889-016-2823-5
https://www.ncbi.nlm.nih.gov/pubmed/26880141
https://doi.org/10.1007/s12098-021-03843-0
https://doi.org/10.1186/s12889-018-5881-z
https://www.ncbi.nlm.nih.gov/pubmed/30071824
https://doi.org/10.1016/j.vaccine.2017.02.036
https://www.ncbi.nlm.nih.gov/pubmed/28284678

	Introduction 
	Method and Materials 
	Data Source 
	Immunization Services in India 
	Dependent Variable 
	Independent Variables 
	Statistical Analysis 

	Results 
	Study Characteristics of the Sample 
	Antigen-Wise Coverage and Dropout Rates 
	State-Wise Dropout Rates 
	District-Level Dropout Rates in NFHS-4 and NFHS-5 
	Dropout Rates by Background Characteristics 
	Factors Affecting Dropout Rates 
	Decomposition Result of Gap in the Dropout Rate 

	Discussion 
	Conclusions 
	References

