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Only an estimated 62%of Indian childrenunder the age of 2 years are fully immunized.We examined the association
between India’s Mission Indradhanush (MI)—a periodic intensification of the routine immunization program—
which was implemented in phases across districts betweenMarch 2015 and July 2017, and routine vaccination cov-
erage and timeliness among children.Weused data froma 2015 to 2016 national survey of children (n= 29,532) and
employed difference-in-difference regressions to examine binary indicators of receipt of 11 vaccines and whether
vaccines were received at recommended ages. The full immunization rate was 27% higher among children under
2 years old residing in MI phase 1 and 2 districts (intervention group) as compared with those residing elsewhere
(control group). The rate of receiving all vaccines at recommended ages was 8% higher in the intervention group.
Receiving doses of oral polio vaccine (OPV) birth dose, OPV dose 1 (OPV1), OPV2, OPV3, bacillus Calmette–
Guérin, and hepatitis B birth dose vaccines were 9%, 9%, 11%, 16%, 5%, and 19% higher in the intervention group
than the control group, respectively. More research is required on the cost-effectiveness of investing in MI-type
programs as compared with routine immunization.
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Introduction

An estimated 400,000 Indian children under
the age of 5 years die annually from vaccine-
preventable diseases, such as pneumonia, diarrhea,
and measles.1 India’s Universal Immunization Pro-
gramme (UIP) is among the largest routine child-
hood immunization programs in theworld.With an
annual budget of $2 billion, the UIP aims to immu-
nize 26 million newborn children every year.2,3 The
program currently provides the following vaccines:
oral polio vaccine (OPV), diphtheria-pertussis-
tetanus (DPT), bacillus Calmette–Guérin (BCG),
measles, hepatitis B, Haemophilus influenzae type
B (Hib) containing pentavalent (DPT, hepatitis B,

and Hib), inactivated polio vaccine (IPV), tetanus
toxoid, and in endemic areas, Japanese encephalitis.
Rotavirus, pneumococcal, and measles-rubella
vaccines have also been introduced in select high-
burden areas.4
Despite the scale of the UIP, India has yet to

achieve the universal coverage of routine childhood
vaccines. In 2016, the most recent year for which
national estimates are available, only 62% of 12- to
23-month-old Indian children received full immu-
nization (BCG, measles, and three doses each of
polio andDPT).5–7 In addition to low coverage, fail-
ure to vaccinate children at recommended ages has
remained a major challenge. In 2013, the propor-
tion of delayed doses among children under 5 years
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old ranged from 35% for OPV first dose (OPV1)
to 65% for DPT3.8 Among 10- to 23-month-old
children in 2016, the proportion of delayed doses
(i.e., more than 28 days after the minimum eligi-
bility age) ranged from 23% for BCG to 35% for
the measles vaccine.9 Timely vaccination is impor-
tant especially for highly contagious diseases such
as measles that can rapidly affect a large number
of children and hinder long-term immunity against
other diseases.10,11
In December 2014, the Government of India

launched Mission Indradhanush (MI), with
the objective of increasing full immunization
coverage.12 MI was a periodic intensification of the
routine immunization (PIRI) program which tar-
geted unvaccinated and undervaccinated children
by allocating more resources to underserved areas.
The program was implemented in 528 districts—
with low initial full immunization coverage and
high dropout rates—in four phases during April
2015–July 2017.4 An estimated 25.5 million chil-
dren across India were vaccinated under MI in this
time.12
Evidence on the impact of MI on desired pro-

grammatic and immunization outcomes is limited.
Data from the Integrated Child Health and Immu-
nization Survey (INCHIS) in 24 states showed an
increase in full immunization rates from 64.1% to
73.5% during April 2015–October 2015.13 In dis-
tricts which were covered under phase 1, rates of
OPV third dose and DPT third dose increased sub-
stantially. However, these estimates did not control
for potential confounding factors and secular time
trends of vaccination coverage in MI and non-MI
areas. A study found that the Intensified Mission
Indradhanush (IMI) program—a successor ofMI—
may have increased coverage rates by 3.9–35.7% for
different vaccines; however, this study inferred cov-
erage rates through vaccine delivery volume rather
than data on administration of vaccine to individual
children.14
We estimated the association between exposure

to MI phases 1 and 2, and child immunization out-
comes by comparing vaccination rates (overall, as
well as at recommended ages) and timing inMI vis-
à-vis non-MI districts. We used household survey
data and employed difference-in-difference (DID)
multivariate regression models that controlled for
several possible confounders.

Data and methods

INCHIS survey data
We used data from the Integrated Child Health
and Immunization Survey (INCHIS), a stratified,
nationally representative, cross-sectional household
survey conducted in three rounds fromMarch 2015
to April 2016.13 The survey covered a total of 44,571
households across 260 districts in 24 states across
the three rounds. Data were obtained on socioeco-
nomic and demographic indicators, and access to
and quality of health facilities for households with
children below the age of 2 years. Immunization
receipt and date information for the youngest child
under 2 years old in each household were col-
lected from either the vaccination card or through
maternal (or caregiver) recall if the card was
unavailable.
Each round of INCHIS collected data from 12

states, where Bihar, Maharashtra, Madhya Pradesh,
Rajasthan, Telangana, andUttar Pradesh were fixed,
and the six other states were rotated across rounds.
The states were chosen to ensure representation
from each geographical region and level of devel-
opment. Within each state, a three-stage strati-
fied sampling design was employed where district,
cluster (village/urban ward), and households were
selected at three different stages. Districts were
stratified into three or four groups based on a com-
posite index using the following district-level indi-
cators: proportion of urban households, percentage
of scheduled caste/tribe population, literacy rate,
proportion of households with latrine facility, and
availability of banking facilities. Within each stra-
tum, 1–3 districts were chosen based on the popula-
tion of the state. Within a selected district, system-
atic sampling was used to draw clusters where the
sampling frame (2011 census data) of clusters was
ordered by female literacy rate. Probability sampling
was used to select the household, where households
with at least one child between the ages of 0 and
23 months were eligible for selection within the
cluster.13
Initially, MI was rolled out across India in two

phases. Some districts were included in the pro-
gram during both phases 1 and 2, while others
were included only in either phase. We analyzed
the impact of the first two phases of the MI pro-
gram (April–July 2015, and October 2015–January
2016, respectively) using data from the first and
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Figure 1. District-wise implementation of Mission Indradhanush phases 1, 2, and 3. Map coordinate data are from the Database
of Global Administrative Areas, version 2.8 (2015), combinedwith district identifiers from theNational Family andHealth Survey
of India 2015–2016. Colors denote the phases of Mission Indradhanush (MI) implemented in each district. Districts with no data
are colored white. This map is for illustration only and may not depict correct international boundaries.

last rounds of INCHIS. INCHIS-1 was conducted
before the MI program, INCHIS-2 was conducted
in between MI phases 1 and 2, and INCHIS-3 was
conducted after the conclusion of MI phase 2. MI
phases 1 and 2 covered 480 districts of India, 77 of
whichwere included in the INCHIS-1 and INCHIS-
3 rounds. Figure 1 shows the MI phases across
districts in a map of India, and Figure S1 (online
only) shows the timing of INCHIS rounds and MI
phases.
In our study, children from districts included in

phases 1 and 2 (P1&2) of MI were considered as

the intervention group. The control group included
children from districts that were not covered in
either MI phase. Children in INCHIS-1 were con-
sidered preintervention observations, while chil-
dren in INCHIS-3 were postintervention obser-
vations. There were 48 P1&2 districts eligible for
analysis—21 MI districts: 13 before and 8 after
the intervention; and 27 non-MI districts: 8 sur-
veyed before and 19 after the intervention. This
resulted in data on 9674 children available for anal-
ysis, 3929 in the MI group and 5745 in the non-MI
group.
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Analysis
We explored the association of MI (phases 1 and
2) and the binary indicators of 11 vaccination out-
comes for each child: full immunization, receipt of
diphtheria-pertussis-tetanus dose 1 (DPT1), DPT2,
DPT3, oral polio vaccine dose 1 (OPV1), OPV2,
OPV3, OPV birth dose (OPV0), measles first dose
(measles1), bacillus Calmette–Guérin (BCG), hep-
atitis B birth dose (HepB0), and on-time vacci-
nation (OTV). The IPV was introduced into the
UIP in 2016 after MI phase 3 and is, there-
fore, not included in our analysis. The eligibility
age for each vaccine was taken from the Indian
Academy of Pediatrics andWorld Health Organiza-
tion guidelines.15,16 Table S1 (online only) describes
each vaccine and its earliest eligibility age for a child.
Each child who had reached the vaccination eli-
gibility age before the end of the MI intervention
was considered for analysis for that vaccine. We
excluded children who were reported as vaccinated
before the eligibility age (0.6% of the sample) to
reduce potential measurement errors.
The OTV indicator considered the timely receipt

of DPT1, DPT2, DPT3, and full immunization
(three doses each of DPT and OPV, and one dose
each of measles and BCG). Each child was evalu-
ated for timely vaccination of the latest vaccine dose
they were eligible for, resulting in one observation
per child for OTV. The indicator had a value of 1 if
the child had received the dose within 28 days after
the earliest age of eligibility described in Table S1
(online only). Previous studies had considered vac-
cination as timely if done within 28–30 days after
eligibility.17,18

We employed a DID framework in which the
average difference in outcomes before and after
the MI program in each district was first esti-
mated. Then, the difference between MI and con-
trol districts of this average difference was taken.
Each model included binary indicators of loca-
tion (whether an MI district), time (pre- or postin-
tervention), and an interaction between the two
(DID indicator). We used linear probability models
(LPM) and probit models for our analysis.
Our regression models included the follow-

ing household-level socioeconomic indicators and
mother and child characteristics as covariates: local-
ity (urban), caste (scheduled caste, scheduled tribe,
and other backward classes), religion (Muslim,
Christian, Sikh, and other religions), household

size, wealth quintiles, age of the mother, mother’s
schooling attainment (primary or lower, middle to
secondary, and graduate and above), child’s age,
sex, and place of birth (health facility or home).
We also included the distance to the nearest pub-
lic health subcenter (SC). The SC is the first point
of contact between the primary health system and
patients and is used as a measure of accessibility to
health services.19 Finally, we used principal com-
ponent analysis to create a wealth index of physi-
cal household characteristics and asset ownership.
We included indicators of the top four wealth index
quintiles in the model, keeping the bottom quintile
as the reference category. A detailed description of
the construction of the wealth index is provided in
the Supplementary Text (online only). All covari-
ates were obtained from the INCHIS data. Standard
errors were clustered at the district level and sur-
vey weights were applied. Data were analyzed using
STATA version 14.2 and we considered P < 0.05 to
be statistically significant.

Parallel trends test
The parallel trends test is an important measure
of methodological validity in DID analyses. If the
parallel trends test were to be satisfied, child vac-
cination status in MI and non-MI districts should
follow a similar trend in the years leading up to
MI introduction. We used data from the National
Family Health Survey 2015–2016 (NFHS-4) to test
if trends in vaccination status in MI and non-MI
districts were statistically indistinguishable between
2011 and 2014. NFHS-4 is a nationally represen-
tative survey that collected the vaccination his-
tory information of 259,627 Indian children under
5 years old. Data were taken from the vaccination
card or the caregiver when the vaccination card was
unavailable. We compared DPT3 child vaccination
rate trends between intervention and control dis-
tricts. DPT3 is a widely used indicator for vacci-
nation coverage, timely vaccination, and the over-
all performance of the system. For children who did
not have a vaccination date recorded, we assumed
that the child was vaccinated at the DPT3 eligibility
age (14 weeks since birth).
We tested for parallel trends in two ways.20 First,

we estimated district fixed effect regression models
of DPT3 vaccination rates for children from 2011
to 2014. We examined if the time trends of the esti-
mated residual error terms of these models were
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Figure 2. Vaccination outcomes by control and intervention groups before and after MI implementation. BCG, bacillus
Calmette–Guérin; DPT, diphtheria-pertussis-tetanus; Full, one dose BCG andmeasles, three doses ofDPT and polio; HepB0, hep-
atitis B given at birth;Measles1, first dose ofmeasles; OPV, oral polio vaccine; OPV0,OPVbirth dose; OTV, on-time vaccination—
considers timely vaccination of DPT and full immunization.

parallel across MI and non-MI districts. Second, we
regressed the rate ofDPT3 vaccination on year iden-
tifiers, binary indicator of whether a district was
included in MI, and interaction terms of the year
and MI identifiers. If the estimated regression coef-
ficients of the interaction termswere not statistically
significant, the parallel trends assumption would be
satisfied, that is, trends in DPT3 vaccination rates
would be similar between MI and non-MI districts
leading up to the implementation of MI.

Results

Summary statistics of the study sample
Table S2 (online only) shows the differences in vac-
cination rates and socioeconomic and demographic
characteristics of children across the intervention
and control groups for the baseline period. Vacci-
nation rates were higher in the control group for
all 11 vaccines. The largest unadjusted differences
in vaccination rates between P1&2 intervention and
control groups were for full immunization (55%
versus 77%, P < 0.01), measles1 (75% versus 85%,
P < 0.01), and DPT3 (62% versus 75%, P < 0.01).
Figure 2 shows vaccination outcomes between con-
trol and intervention groups before and after theMI
program. The unadjusted gap betweenMI and non-
MI districts reduced substantially from the pre-
to post-MI period for most vaccination outcomes,

except for slight increases for DPT1, DPT2, OPV0,
HepB0, and OTV. Among covariates, the largest
unadjusted baseline differences were for children
who were not born at health facilities (31% in MI
versus 15% in non-MI districts, P < 0.01) and pro-
portion of minority religion households (11% inMI
versus 38% in non-MI districts, P < 0.01).
Table S3 (online only) shows the distribution

of children by immunization status and socioe-
conomic characteristics. Rates of vaccination were
higher among children in richer and urban house-
holds, Sikh and general caste households, those
born in health facilities, and those with more edu-
cated mothers, as compared with the respective ref-
erence groups. Among the outcome indicators, the
differences across socioeconomic groups were the
largest for full immunization and OTV rates.

Parallel trends test results
Figure 3 shows the residual probability of the DPT3
vaccination rate between MI P1&2 districts and
non-MI districts from 2011 to 2014. Time trends of
the residualDPT3 vaccination probabilitywere sim-
ilar for MI and non-MI districts. Figure 4 presents
the estimated coefficients (with 95% confidence
intervals) of the interaction terms between year and
MI indicators in the regression of DPT3 vaccination
rate. Leading up to the introduction of MI in 2015,
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Figure 3. Average annual residual probability of DPT vac-
cination in MI and non-MI districts, 2011–2014. n = 178
districts: 126 non-MI and 52 MI districts. DPT, diphtheria-
pertussis-tetanus. Time trends of the estimated residual error
terms of district fixed-effects regression of DPT3 vaccination
rates on year from 2011 to 2014.

there was no statistical difference between DTP3
vaccination rates in the intervention and control
districts. Therefore, the parallel trends assumption
was satisfied.

Regression results
Table 1 presents summary results of the DID anal-
ysis, showing only the estimated coefficients of the
DID indicator for both the LPM and probit model.

Figure 4. Coefficient of interaction between MI districts and
year in the regression of DPT vaccination, 2011–2014. n = 178
districts: 126 non-MI and 52 MI districts. DPT, diphtheria-
pertussis-tetanus.Coefficient ofMIphase year interaction term
with 95% confidence interval from district fixed-effects regres-
sion of the rate of DPT3 vaccination on year identifiers, the
binary indicator of whether a district was included in MI, and
interaction terms of the year and MI identifiers.

The DID likelihood of receiving full immunization
was 27% (95% confidence interval [CI]: 0.11–0.42,
P < 0.01, LPM) higher among children under 2
years old residing in MI phase 1 and 2 districts
(intervention group) as compared with those resid-
ing elsewhere (control group).
Table S4 (online only) presents the full LPM

results. The DID likelihood of children in the P1&2
intervention groups was also 9% higher for OPV0
(CI: 0.02–0.15,P< 0.05, LPM), 9%higher forOPV1
(CI: 0.04–0.14, P < 0.01, LPM), 11% higher for
OPV2 (CI: 0.02–0.19, P < 0.05, LPM), 16% higher
forOPV3 (CI: 0.04–0.27,P< 0.01, LPM), 5%higher
for BCG (CI: 0.01–0.09, P < 0.05, LPM), and 19%
higher for hepatitis B birth dose (CI: 0.11–0.28, P<

0.01, LPM). The DID likelihood in the P1&2 inter-
vention group to have received age-appropriate vac-
cines as per recommended schedule (OTV) was 8%
higher (CI: 0.00–0.15, P< 0.05, LPM) than the con-
trol group.
The coefficients of the DID indicator in the pro-

bitmodel were almost identical to those in the LPM.
The DID likelihood of children in the P1&2 inter-
vention groups was 26% higher for full immuniza-
tion (CI: 0.12–0.34, P < 0.01), 7% higher for OPV0
(CI: 0.00–0.26, P < 0.05), 6% higher for OPV1 (CI:
0.04–0.14,P< 0.05), 9%higher forOPV2 (CI: 0.02–
0.19, P < 0.05), 15% higher for OPV3 (CI: 0.04–
0.27,P< 0.01), 16%higher for hepatitis B birth dose
(CI: 0.01–0.37, P < 0.01), and 9% higher for OTV
(CI: 0.03–0.13, P < 0.05) than children in the con-
trol group. However, the results were not significant
for measles1 in the probit model. Figures S2–S13
(online only) show the distribution of coefficients
and significance levels for the estimatedDID indica-
tors from the probit models. For full immunization,
hepatitis B birth dose, and OTV, the DID indica-
tor coefficients are significant for all observations. In
additional analysis, we found that vaccination out-
comes were not statistically different in districts that
were covered by either MI phase 1 or phase 2, but
not both, as comparedwith non-MI control districts
(Tables S5 and S6, online only).
The covariates indicated that children in higher

wealth quintiles were more likely to be vaccinated
comparedwith the lowest wealth quintile. Themag-
nitude of the estimated association increased with
the household’s wealth quintile. Maternal school-
ing level was positively associated with vaccination
for all vaccines except for DPT3 and measles1, and
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Table 1. Summary of linear probability regression results for immunization outcomes and Mission Indradhanush
phase 1 and 2

Linear probability model Probit model

Model Vaccine Coefficient R2 Coefficient Pseudo R2 n

1 Full 0.27∗∗ 0.155 0.26∗∗ 0.155 4474
0.08 0.08

2 DPT1 0.02 0.107 0.02 0.107 8603
0.03 0.03

3 DPT2 0.07+ 0.133 0.06 0.133 8272
0.04 0.03

4 DPT3 0.15+ 0.164 0.14 0.164 7917
0.08 0.08

5 OPV0 0.09∗ 0.131 0.07∗ 0.131 9033
0.03 0.03

6 OPV1 0.09∗∗ 0.126 0.06∗ 0.126 8699
0.02 0.02

7 OPV2 0.11∗ 0.183 0.09∗ 0.183 8501
0.04 0.04

8 OPV3 0.16∗∗ 0.219 0.15∗∗ 0.219 8282
0.06 0.05

9 Measles1 0.05 0.129 0.04 0.129 5651
0.05 0.05

10 BCG 0.05∗ 0.1 0.04 0.1 9033
0.02 0.02

11 HepB0 0.19∗∗ 0.167 0.16∗∗ 0.167 9033
0.04 0.04

12 OTV 0.08∗ 0.178 0.09∗ 0.178 8315
0.04 0.04

Note: Includes district-level fixed effects. Probit model shows average marginal effects. Standard errors are shown below the coef-
ficients. BCG, bacillus Calmette–Guérin; DPT, diphtheria-pertussis-tetanus; Full, one dose BCG and measles, three doses of DPT
and polio; HepB0, hepatitis B given at birth; Measles1, first dose of measles; OPV, oral polio vaccine; OPV0, OPV birth dose; OTV,
on-time vaccination—considers timely vaccination of DPT and full immunization. +P < 0.1; ∗P < 0.05; ∗∗P < 0.01.

institutional delivery was positively associated with
vaccination outcomes across all vaccines.

Discussion

In 2018, there were 882,000 deaths among Indian
children under the age of 5 years;21 and an estimated
500,000 of these deaths could have been prevented
with childhood vaccines.1 Significant disparities in
mortality rates across states—in 2016, mortality
rates for children under 5 years old varied from 65
per 1000 live births inMadhya Pradesh to 7 per 1000
live births in Kerala22—mirror the vaccination dis-
parities across states. Only 62% of Indian children
under the age of 23 months were fully vaccinated
in 2016.22 Furthermore, of those who were vacci-
nated, vaccination was often delayed—only 35% of
Indian children in 2012 reported receiving DPT3

vaccination within a month of the recommended
age,8 and only 23% of children received BCG vacci-
nation within 28 days of the recommended age dur-
ing 2015–2016.17

Vaccination timing is especially critical for reduc-
ing the burden of highly infectious diseases. A
child infected with measles can infect another 12–
18 individuals, whereas someone with polio can
infect another 5–7 individuals.23,24 Timely vaccina-
tion can provide protection at the individual level
and stop rapid outbreaks of these diseases through
secondary protection. A study from 45 low- and
middle-income countries (LMICs) found large vari-
ations in timely vaccination and estimated that
in approximately 25% of countries children were
vaccinated close to their vaccination schedule.25
However, analysis of vaccination timeliness may be
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difficult in LMICs due to lack of good quality data
on vaccination dates.
Our findings suggest that PIRI activities, through

programs, such as MI, could play an important role
in improving vaccination outcomes. We found that
children under 2 years old in MI districts (those
under both phases 1 and 2) had higher rates of full
immunization,OPV0,OPV1,OPV2,OPV3, hepati-
tis B birth dose, BCG, and OTV as compared with
children residing in non-MI districts.We found that
vaccination outcomes were not statistically different
in districts which were covered by eitherMI phase 1
or phase 2, but not both, as compared with non-MI
control districts. This indicates that program dura-
tion may be a key factor for success.
Extensions of MI and other future PIRI activities

can potentially follow the success of the Pulse Polio
program.26,27 The pulse polio immunization pro-
gram included supplementary immunization ses-
sions that achieved success through engagement
with local stakeholders and effective tracking of
beneficiaries.26 In 1995, the program was intro-
duced nationwide, providing polio vaccines to 88
million children under the age of 3 years, and even-
tually covering all children under 5 years old.27
Between 1999 and 2018, the coverage of the polio
vaccine third dose among Indian children 12–23
months old increased from 57% to 89%,8 and India
was declared polio-free in 2011.28
While our results suggest that PIRI activities

can be successful, their long-term effectiveness and
financial viability are unclear.27 MI was succeeded
by IMI, with a goal of reaching 90% full immu-
nization coverage in the poorest performing dis-
tricts by December 2018,4,12 but it is unknown if
this target was attained. A survey study showed
an increase in full immunization rates in IMI
districts.12 Another new study used administrative
data on vaccine doses delivered and found increased
delivery of doses to IMI districts during the inter-
vention period for 13 vaccines, but reduced vol-
ume of vaccine delivery at the end of IMI.14 This
suggests that further research is needed to evaluate
the longer-term effects of PIRI activities. While the
IMI study used data on doses delivered to districts,
child-level data on vaccinations received before,
during, and after a PIRI programmay be more suit-
able for evaluating the program’s effectiveness. The
cost of the PIRI program per dose delivered needs
to be compared to the routine immunization cost to

evaluate its cost-effectiveness. Future evaluations of
MI should consider this.
PIRI activities can compensate for the inability of

UIP to reach underserved communities butmay not
be a long-term replacement for routine immuniza-
tion. A health systems approach for improving rou-
tine immunization coverage and timeliness requires
focus on the following four areas: financing, service
delivery, stewardship, and creating andmaintaining
human resources.28

Adequate financial resources must be provided
to UIP to improve long-term vaccination outcomes.
Although immunization budgets have increased in
response to the introduction of new vaccines in
the UIP, they have not kept pace with resource
requirements—UIP suffered from estimated annual
budgetary shortfalls of $9–$544 million during
2013–2017,3 which may be responsible for cur-
rent gaps in vaccination coverage. The UIP bud-
get is projected to increase by 41% from 2018 to
2022,29 but this is primarily to facilitate the intro-
duction or universalization of new vaccines (e.g.,
pneumococcal)30 and to compensate for reductions
in funding from Gavi, the Vaccine Alliance,31—
which pays for 3% of India’s immunization program
budget at present.3
Resource allocation for immunization programs,

including PIRI activities, should focus on fixing
key supply-side gaps in the UIP that affect service
delivery.32 Post-MI surveys suggest that inadequate
and poor-quality infrastructure and lack of human
resources are among the most important supply-
side factors leading to lower participation in MI
sessions.12 These factors have also slowed the rollout
of newer vaccines, such as the hepatitis B vaccine.33
It will be important to integrate overall best prac-
tices in record keeping and vaccine management
from high-performing districts to poorer perform-
ing districts, in addition to providing additional
investments in vaccine delivery systems and infras-
tructure in these districts.
India’s shortage of a skilled health workforce

affects child immunization, stretching community-
level health workers who serve as shared person-
nel for multiple tasks.32,34 Greater allocation of
staff resources toward routine immunization activ-
ities, including regularly updating immunization
records, should be a priority.12 A recent study of
MI from western India showed that 10% of study
sites did not have an updated list of beneficiaries
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(known as the “due list”), 13% of auxiliary nurse
midwives did not give all keymessages about immu-
nization, and 17% of community health workers
were not aware about the incentive pay structure
under the MI program.35 Investments in training
programs with a focus on these particular tasks can
help improve service delivery.
Strong governance and political commitment

are critical for universal routine childhood vac-
cine coverage.29,36,37 To secure financing, build and
retain skilled public health workers, and improve
vaccination coverage, there must be a robust policy
decision-making process, sensible regulation, and a
high level of health intelligence.28 Evidence-based
policymaking should be aided by efficient surveil-
lance system akin to the highly successful acute flac-
cid paralysis surveillance.28 Greater power devolu-
tion to the National Technical Advisory Group on
Immunization can expedite the policy-making pro-
cess on urgent matters, such as the introduction of
new vaccines.28
Finally, it is important to consider the demand-

side drivers of vaccination to improve program suc-
cess. Post-MI surveys revealed the main demand-
side factors contributing to families not attending
immunization sessions were lack of awareness, con-
cerns about adverse effects of vaccines, and lack
of time caused by mother and child illness.12,38
To address these barriers, information campaigns
should be used to promote the life-saving ben-
efits of vaccines, as well as their secondary and
longer-term positive effects on overall health, cog-
nitive and educational outcomes, and reductions in
potential medical expenditure.11,39–44 A recent sys-
tematic review of interventions to improve immu-
nization coverage in LMICs found health educa-
tion through home or village-level meetings to be
successful.38 Our results and findings from previ-
ous studies showed maternal schooling to be signif-
icantly positively associated with child vaccination
rates.45 Therefore, health education interventions
should target parents with lower levels of education.
Our analysis has important limitations. Our esti-

mated associations of MI with vaccination out-
comes may not be causal in the presence of unob-
served covariates. For example, parents may decide
to vaccinate their children based on perceived like-
lihood of survival of nutritional status, or they may
be influenced by health workers to vaccinate cer-
tain children at higher rates. If such factors are cor-

related with MI status (e.g., frequent contact with
health workers in MI districts), our estimated asso-
ciations may be biased. However, we included a
wide range of covariates in our regression models
that are important determinants of vaccination out-
comes and that have been used commonly in this
type of analysis.
In INCHIS-1 and INCHIS-3, 40% and 34%,

respectively, of households did not have a vaccina-
tion card available or did not show vaccination card
to the surveyor, and the vaccination outcomes of
the child were reported by the mother or caregiver.
These observations can be susceptible to measure-
ment errors if there were systematic differences in
vaccination status of missing observations between
intervention and control districts. We conducted
additional analysis by only including households
that had vaccination card available and where ver-
ification was completed by the surveyor. The results
were similar to the main results (Table S7, online
only).
Finally, INCHIS did not survey the same districts

in multiple rounds. Therefore, our analysis could
not compare changes over time in the same inter-
vention and control districts, although we did con-
trol for confounding variables. Analysis of later MI
phases can investigate richer datasets that do not
have this limitation, more specifically following the
same households over time would provide the most
robust estimates of MI program effects.
Our study shows that large-scale PIRI activities,

such as MI, can potentially improve vaccination
coverage and OTV rates in India. Further research
using longer-term data may provide more robust
estimates of the potential effects of the program.
Research on the cost-effectiveness of PIRI programs
could help inform resource allocation for routine
immunization vis-à-vis supplementary programs,
such as MI, in the long term.
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