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ABSTRACT

The Indian Universal Immunization Program (UIP) was established in 1985 and is
tasked with vaccinating nearly 27 million children every year. Its most recent
achievements include India being certified polio-free in 2014 and the subsequent
elimination of neonatal tetanus in 2015. Despite these successes, reports of
persistently suboptimal full vaccination coverage (children aged 12-23 months who
receive three doses of DPT and OPV and one dose of BCG and measles
vaccination) in many Indian districts led to the launching of the Mission
Indradhanush (MI) campaign in 2014. This campaign aimed to increase full
immunization coverage in the poorest performing districts to 90% by 2020, mainly
through special immunization sessions and enhancing community engagement and
mobilization of beneficiaries. While early administrative reports suggested
improved immunization coverage in the MI districts after the first two phases of
the campaign, these improvements were considered insufficient to achieve the MI
coverage goal. Concurrent research assessing demand-side disparities (including
individual and household characteristics such as children’s age and gender, parental
education and occupation, socio-economic status, religious affiliation, and health-
seeking behavior) in routine childhood vaccination uptake can bolster these
governmental efforts to increase vaccination coverage uniformly. Therefore, the
overall aim of this dissertation was to assess vaccination coverage and the factors
associated with routine vaccination uptake among children aged 12-23 months,
both nationally and subnationally, in the Vellore district of Tamil Nadu, southern
India.

The first objective of this dissertation was to investigate the factors associated
with routine vaccination uptake and describe the reasons for non-vaccination
among Indian children aged 12-23 months nationally during 1998 and 2008 using
the publicly available district-level household and health facility survey (DLHS)
datasets (Study I). The study estimated that 53%, 32%, and 15% of children were
fully vaccinated, partially vaccinated, and unvaccinated. Multivariate analysis
revealed that children’s vaccination status was inversely associated with female
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gender, Muslim religion, lower caste, urban residence, lower maternal education,
fewer antenatal visits, and non-receipt of maternal tetanus vaccination.
Furthermore, a qualitative analysis of the mothers’ reasons for not vaccinating their
children revealed gaps in awareness (of the need for wvaccines), acceptance
(including fears of side effects), and affordability (mainly due to indirect costs) as

the main reasons for non-vaccination.

The second objective of this dissertation was to estimate vaccination coverage
and investigate the factors associated with routine vaccination uptake among
children from rural (Study II) and disadvantaged communities (Study III) in
Vellore, southern India, during 2017 and 2018. Vellore and 600 other Indian
districts were selected for intensified routine immunization through the MI
campaign in 2015. Cross-sectional household surveys and focus group discussions
were conducted among parents of children aged 12-23 months from rural and
disadvantaged (Nomadic, tribal, and migrant) communities in Vellore. The
proportions of fully vaccinated children were 96% and 65% based on information
from vaccination cards or parental recall for children from rural and disadvantaged
communities. While no socio-demographic characteristics were associated with
childhood vaccination uptake, parental familiarity with the vaccination schedule
and receiving information on vaccinations during antenatal visits were positively
associated with children’s vaccination status in rural Vellore. However, maternal
employment was negatively associated with children’s vaccination status in the
survey among the known disadvantaged communities in Vellore. Focus group
discussions with parents in these communities identified difficulties accessing
routine immunization when travelling for work, knowledge gaps regarding the
benefits and risks of vaccination, and fears due to common side effects following

childhood vaccination.

In summary, the studies in this thesis reveal differences in vaccination coverage
and the demand-side factors associated with routine childhood vaccination uptake
nationally and subnationally in the Vellore district. The persisting disparities in
childhood vaccination uptake by maternal and household characteristics nationally
call for targeted interventions and additional research on the causal pathways
through which maternal characteristics influence decision-making for childhood
vaccinations in India. In addition, the household surveys in Vellore provide
preliminary evidence that the MI campaign may have increased full vaccination

coverage in some but not all communities or regions within the targeted districts.
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Finally, the identified knowledge gaps regarding the need for vaccinations and fears
due to vaccination in general or vaccine side effects highlight the potential for
utilizing ongoing information, education, and communication interventions to
simultaneously improve parental awareness and build trust in childhood vaccines.
Collectively, the quantitative and qualitative findings of these studies provide
valuable demand-side perspectives toward routine childhood vaccines and
actionable evidence to inform targeted interventions to sustain or increase
childhood vaccination uptake in Indian settings.
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TIVISTELMA

Intian kansallinen rokotusohjelma (UIP) perustettiin vuonna 1985 ja se vastaa ldhes
27 miljoonan lapsen rokottamisesta vuosittain. Ohjelman viimeaikaisiin
saavutuksiin lukeutuvat Intian julistaminen poliovapaaksi vuonna 2014 seki sitd
seurannut vastasyntyneiden jaykkikouristuksen eliminointi vuonna 2015. Niistd
menestystarinoista huolimatta on wuseilla Intian alueilla raportoitu jatkuvasti
puutteita pikkulasten rokotusohjelmaan kuuluvien rokotteiden rokotekattavuudessa
(12-23 kuukauden ikdiset lapset, jotka ovat saaneet kolme DTP- ja OPV-
rokoteannosta sekd yhden BCG- ja tuhkarokkorokoteannoksen). Tdmi johti
Mission Indradhanush (MI)- kampanjan aloitukseen vuonna 2014. Kampanjan
tavoitteena oli nostaa perusrokotteiden rokotekattavuus huonoimmin suoriutuvilla
alueilla. 90  prosenttiin  vuoteen 2020 mennessd pddasiassa  erityisten
rokotustilaisuuksien sekd yhteisén osallistumisen ja asukkaiden aktivoinnin avulla.
Vaikka  hallinnolliset ~ raportit ~ aluksi  viittasivatkin ~ lisddntyneeseen
rokotekattavuuteen MI-kampanjan alueilla sen ensimmaiisten kahden vaiheen
jalkeen, tuloksia pidettiin riittdiméttomind MI:n  rokotuskattavuustavoitteen
saavuttamiseksi. Tutkimuksella, joka arvioi eroja lasten rokotemyontyvyydessi ja
rokotteiden ottamisessa (ml. yksilon- ja kotitalouden piirteet, kuten lasten ikd ja
sukupuoli, vanhempien koulutus ja ammatti, sosiockonominen status, uskonto,
terveyskayttaytyminen) on mahdollista tukea Intian hallituksen pyrkimyksid lisitd
rokotekattavuutta yhdenmukaisesti koko maassa. Niistd syistd timidn tutkimuksen
ensisijainen tavoite oli arvioida rokotekattavuutta ja tekijoitd, jotka liittyvit lasten
rokotusohjelmaan kuuluvien perusrokotteiden ottamiseen 12-23 kuukauden ikaisilld
lapsilla sekd kansallisesti ettd alueellisesti Velloren piirikunnassa, Tamil Nadun

osavaltiossa, Etelid-Intiassa.

Viitéstutkimuksen —ensimmadinen tavoite oli tarkastella tekijoitd, jotka liittyvit
perusrokotusten ottamiseen ja kuvata syitid rokottamattomuuteen intialaisilla 12-23

kuukauden ikdisilld pikkulapsilla kansallisesti vuosina 1998 ja 2008 hyodyntien



avointa kotitalous- ja terveyspalvelututkimuksen (DLHS) aluetason tietoaineistoa (1
osatutkimus). Tutkimuksessa arvioitiin, ettd 53% lapsista oli tiysin rokotettuja, 32%
osittain rokotettuja ja 15% rokottamattomia. Monimuuttuja-analyysi osoitti, ettd
lasten  rokotusstatus oli  kaidnteisesti  yhteydessd  naissukupuoleen,
islaminuskoisuuteen, alempaan kastiin kuulumiseen, kaupungissa asumiseen, aidin
alempaan koulutustasoon, pienempdin miarian aitiysneuvolakiynteja sekd didin
tetanusrokotteen puuttumiseen. Kvalitatiivisessa analyysissa ditien antamia paasyita
lastensa  rokottamattomuuteen  olivat  puutteet  tiedossa  (rokotteiden
tarpeellisuudesta), rokotusten hyviksymisessa (ml. sivuvaikutusten pelot) seka liian

korkea hinta (padasiassa johtuen vilillisistd kustannuksista).

Viitostutkimuksen toinen tavoite oli arvioida rokotekattavuutta ja tarkastella
tekijoitd, jotka liittyivit perusrokotusten saamiseen maaseudun lapsilla (II
osatutkimus) ja haavoittuvassa asemassa olevissa yvhteisistdi (III osatutkimus)
Velloressa, Eteli-Intiassa, vuosina 2017 ja 2018. Vellore ja 600 muuta Intian
piirikuntaa valittiin MI-kampanjan tehostettuun rokotusohjelmaan vuonna 2015.
Poikkileikkauskyselytutkimus ja fokusryhmikeskustelut 12-23 kuukauden ikiisten
lasten vanhemmille tehtiin maaseudun ja haavoittuvassa asemassa olevissa
(paimentolais-, heimo- ja maahanmuuttaja-) yhteissi Velloressa. Kaikki
perusrokotukset saaneiden lasten osuudet olivat rokotuskorttitietojen mukaan 96%
tai vanhempien ilmoituksen mukaan 65%. Vaikka minkiin rokotusten ottaminen
ei ollut yhteydessi sosiodemografisiin muuttujiin, vanhempien tietimys
rokotusaikataulusta ja informointi rokotteista ditiysneuvolakdyntien yhteydessi
olivat yhteydessi korkeampaan rokotuskattavuuteen Velloren maaseudulla.
Toisaalta didin tyossd kidyminen oli yhteydessd matalampaan rokotuskattavuuteen
haavoittuvassa asemassa olevissa yhteisoissd Velloressa. Fokusryhmikeskustelut
vanhempien kanssa tunnistivat vaikeuksiksi sddnnéllisten rokotusten saatavuuden
tyomatkan yhteydessi, puutteet tiedoissa rokotusten hyddyistd ja haitoista seka

pelot rokotteiden tunnetuista sivuvaikutuksista.

Yhteenvetona timin viitoskirjan osatutkimukset paljastivat eroja pikkulaten
rokotekattavuudessa sekd vanhempine rokotushalukkuuteen liittyvissi muuttujissa,
kansallisesti Intiassa ja alueellisesti Velloren piirikunnassa. Pysyvit eriarvoisuudet
rokotemyontyvyydessd, jotka perustuvat ditien ja kotien ominaispiirteisiin vaativat

kansallisen tason kohdennettuja interventioita ja lisitutkimusta niistd syy-
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seuraussuhteista, joiden kautta diteithin liitetyt tekijit vaikuttavat lasten
rokotuspiaitoksiin Intiassa. Lisaksi kyselytutkimukset Velloressa antavat alustavaa
viitettd siitd, ettd MI-kampanja on voinut lisitd rokotekattavuutta joissain
yhteis6issd tai alueilla, mutta ei kaikissa kampanjaan kuuluvissa piirikunnissa.
Havaitut puutteet tiedossa rokotteiden tarpeellisuudesta ja rokotteista yleisemmin
seki sivuvaikutuksia koskevat pelot korostavat jatkuvan viestinnin, koulutuksen ja
terveysinterventioiden roolia vanhempien rokotteita koskevan tietimyksen ja
luottamuksen lisdadmisessd. Yhdistimilld méarillisten ja laadullisten osatutkimusten
havainnot saadaan tirkedd tietoa pikkulasten rokotuskattavuuteen vaikuttavista
kysyntipuolen tekijoistd sekd kaytint6on sovellettavissa olevaa tutkimustietoa
kohdennettujen interventioiden kehittimiseksi, joilla voitaisiin yllapitdd tai lisitd

pikkulasten rokotuskattavuutta ja vanhempien rokotusmyonteisyyttd Intiassa.
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1 INTRODUCTION

Immunization is one of the safest, most cost-effective, and most potent means of
preventing deaths and promoting well-being today. Vaccination prevents an
estimated 2-3 million child deaths worldwide every year (WHO, 2013, 2020).
Vaccination helped eradicate smallpox and is vital to global efforts to eradicate
poliomyelitis and eliminate maternal and neonatal tetanus. The benefits of
vaccinating children and adults cut across many of the UN Sustainable Development
Goals (SDGs), specifically, SDG3 to “Ensure healthy lives and promote well-being for all at
all ages.” However, despite the established value of vaccines, nearly 20 million infants
still do not receive an entire course of primary vaccinations, leaving them vulnerable
to vaccine-preventable diseases (World Health Organization, 2020d). Just three
countries account for a third of the world’s unvaccinated or partially vaccinated
children — Nigeria (3 million), India (2.1 million), and the democratic republic of
Congo (2.1 million) (World Health Organization, 2020d). Reducing global childhood
mortality due to vaccine-preventable diseases depends significantly on these
countries improving the coverage of existing routine vaccinations and introducing
additional lifesaving vaccines (V. Mitchell et al, 2013). Therefore, it is vital to
understand the factors contributing to unvaccinated or partially vaccinated children
in these countries despite established routine immunization programs for over three

decades.

The Universal Immunization Program (UIP) in India was established in 1985 to
provide pregnant women and infants with a primary series of vaccinations (Sokhey
et al., 1989). For nearly two decades, the UIP focused on increasing the coverage of
four vaccines (Bacille Calmette-Guerin [BCG], Diphtheria-Pertussis-Tetanus [DPT],
Oral Polio Vaccine [OPV], and Measles) to protect children against six vaccine-
preventable diseases (Vashishtha & Kumar, 2013). As a result, childhood vaccination
coverage increased rapidly during the first decade of the UIP. For example, the
coverage of three OPV (OPV3) doses among infants was nearly 80% in 1990,
bolstering India’s resolution to eradicate polio by 2000 (John & Vashishtha, 2013).
However, the first National Family Health Survey (NFHS-1, 1992-93) reported
significant inter-state disparities in childhood vaccination coverage, highlighting
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potential differences in UIP functioning, vaccine demand, and other social barriers at
the state and regional levels (Pande & Yazbeck, 2003). Furthermore, an analysis of
data from three consecutive rounds of the NFHS (NFHS 1-3, 1992-2006) sutrveys
revealed persisting disparities in vaccination coverage levels between the Indian
states and lower coverage for children from rural areas and female children,
necessitating government intervention (P. K. Singh, 2013).

The government of India launched the Mission Indradhanush (MI) campaign in
2014 to increase full vaccination coverage (children who received three doses of
DPT and OPV and one dose of BCG and measles vaccination) to 90% by 2020
(Ministry of Health and Family Welfare, 2016). Leveraging successful strategies from
India’s successful polio eradication program, the MI campaign targeted children in
the districts with the lowest full vaccination coverage with periodic fixed and
outreach catch-up immunization sessions and enhancing community engagement
and mobilization (Ministry of Health and Family Welfare, 2016). Although
administrative reports suggested increased full vaccination coverage by 5-7% in the
targeted districts after the first two phases of MI, this increase was insufficient to
achieve 90% coverage by 2020 (Ministry of Health and Family Welfare, 2018a).
Monitoring the progress of the MI and subsequently launched Intensified Mission
Indradhanush (IMI) campaigns is primarily done through national, state, and district-
level task forces, reviewing indicators on vaccine availability and supply, numbers
and quality of the vaccination sessions conducted, percentages of children with due
vaccinations, and healthcare workers disseminating information on routine
vaccinations to caregivers (Ministry of Health and Family Welfare, 2018c).
Concurrent research examining the demand-side factors (including individual and
household characteristics such as children’s age and gender, parental education and
occupation, socio-economic status, religious affiliation, and health-seeking behavior)
associated with routine childhood vaccination uptake and perspectives on childhood
vaccines can bolster these governmental efforts to increase vaccination coverage
uniformly.

This thesis describes the findings of analyses conducted to assess vaccination
coverage and the factors associated with routine childhood vaccination uptake,
nationally and subnationally, in the district of Vellore, southern India. Primary data
collected through community-based household surveys and focus group discussions
in Vellore during 2017-18 and secondary data obtained from the nationally-
representative district-level household and facility surveys (1998-2008) are utilized in
this thesis. These data, representing multiple methodological approaches, geographic
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resolutions, and time frames, provide an important opportunity to identify existing
demand-side disparities in childhood vaccination coverage and enumerate the
reasons for suboptimal vaccination uptake to support the MI and IMI campaign

goals.
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2 LITERATURE REVIEW

2.1 The WHO Expanded Program on Immunization (EPI)

2.1.1 Introduction, implementation, and vaccine antigens

The Expanded Program on Immunization (EPI) was established by the World
Health Organization (WHO) in 1974 to ensure that all children could access life-
saving vaccines (Keja et al., 1988). Before the launch of the EPI, a large proportion
of child deaths and severe illnesses in the developing world were attributed to
infectious diseases such as tuberculosis, measles, diphtheria, pertussis, tetanus, and
poliomyelitis (Henderson, 1984). Despite effective vaccines against these diseases,
less than 5% of children in developing countries received a third dose of diphtheria-
pertussis-tetanus (DPT3) and polio vaccines during their first year of life in the
1960s (Chan, 2014; Keja et al., 1988). The EPI set out to increase the coverage of
existing childhood vaccines by promoting the establishment of strong immunization
infrastructure, coordinating the production and supply of vaccines, improving the
training of health workers, and guiding the development of vaccine cold chain
infrastructure (LaForce et al., 1987).

The EPI focused on protecting children against six diseases (tuberculosis, measles,
diphtheria, pertussis, tetanus, and polio) by increasing the coverage of Bacille
Calmette-Guerin (BCG), measles, and three doses of DPT and polio vaccination
globally to 80% by 1990 (Keja et al., 1988). The EPI recommended an immunization
schedule that could be tailored to the needs of participating countries but stressed
the importance of immunizing children when at their highest risk of infections, Ze.,
during the first year of life (LaForce et al., 1987). Based on EPI recommendations,
children were to receive a BCG and Oral Polio vaccine (OPV) dose at birth, three
doses of DPT and OPV at the age of 6,10, and 14 weeks and a single dose of
measles at first contact after nine months of age (LaForce et al., 1987). This schedule
ensured that five contacts of an infant and mother with a health facility would

provide sufficient protection to the infant against the six EPI target diseases
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(LaForce et al., 1987). By the mid-1980s, most developing countries had based their
national immunization programs on EPI guidelines and adopted the EPI-

recommended immunization schedule (Henderson et al., 1988).

In the 1990s, the EPI began recommending the widespread use of newer vaccines
such as yellow fever, hepatitis B, and Japanese Encephalitis B (Henderson et al.,
1988; Kim-Farley, 1992b). However, many developing countries could not afford to
add these vaccines to their routine immunization programs, which led to the
establishment of the Global Alliance for Vaccines and Immunization (GAVI) in
2000 (Lob-Levyt, 2011). The GAVI alliance aimed to bring together the key
stakeholders of global immunization efforts, including UN agencies, the Bill &
Melinda Gates Foundation, country governments, donors, industry, and academia, to
increase access to new and underused vaccines in the poorest countries globally
(Berkley, 2019; Lob-Levyt, 2011). Since its inception, GAVI has supported the
introduction of yellow fever (in 14 countries), pentavalent (73 countries), inactivated
polio (16 countries), measles or measles-rubella (73 countries), pneumococcal (60
countries), and rotavirus (48 countries) vaccines in eligible countries (GAVI, The
Vaccine Alliance, 2020). The EPI currently recommends childhood vaccines against
11 diseases (including the original six target diseases) through all national
immunization programs (World Health Organization, 2020c) (Table 1).
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Table 1. The Expanded Program on Immunization (EPI) and the Indian Universal Inmunization Program
(UIP) immunization schedules for infants

EPI schedule UIP schedule
Antigen Doses in Doses in
primary Age at administration primary Age at administration
series series
, At birth or as early as
BCG 1 dose At birth 1 dose possible
At birth, and other doses z:;;;ggjzn?t dt:)'gg’s and
" at the same time as DPT- . .
Hepatitis B 3 -4 doses containing vaccine, with 4 doses ;::12:1:'2 r¥¥|\t/r; é:f; i
one-month intervals 6,10 and 14 weeks of age
3 -4 doses . OPV at birth, and
. At birth, and at 6, 10, and ’
ol UM s 0P PV o pasheldssal
dose at 14 weeks of age
IPV) at 6 and 14 weeks of age
DPT- At6, 10, and 14 weeks of Provided as part of the
containing 3 doses ade 3 doses pentavalent vaccine at
vaccine 9 6,10 and 14 weeks of age
First dose at 6 weeks of Combined with the
. age, and subsequent .
Hib 3 doses doses with one-month 3 doses pentavalent vaccine at
intervals between doses 6,10 and 14 weeks of age
First dose at 6 weeks of
Pneumococcal 3 doses age, and subsequent 3 doses* At 6 and 10 weeks, and 9
conjugate doses with one-month months of age
intervals between doses
First dose at 6 weeks of
. i age, and subsequent At 6, 10, and 14 weeks of
Rotavirus 2 - 3 doses doses with one-month 3 doses age
intervals between doses
In countries with ongoing First dose between 9-12
transmission, first dose at months of age and
Measles 2 doses 9 months of age and the 2 doses dd 9 between 16
second between 15-18 ;icofn 0se between 1o-
months of age orage
Combined with the
Rubella 1 dose One dose at 9-12 months 2 doses measles vaccine and

of age

provided between 9-12
and 16-24 months of age

* Provided in 5 Indian states (Bihar, Himachal Pradesh, Madhya Pradesh, Rajasthan, and Uttar Pradesh)
Sources: (Ministry of Health and Family Welfare, 2018a; World Health Organization, 2020c)
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2.1.2  EPI progress over the years

2.1.2.1 Vaccination coverage

Since launching in 1974, the EPI achieved its target of 80% coverage among infants
with the BCG and measles vaccines and three doses of DPT and OPV vaccination
in 1990 (Kim-Farley, 1992b). While this global target was achieved, there were
important disparities in vaccination coverage between the WHO regions and
individual countries, highlighting important differences in the level of primary health
care infrastructure and other inequities in service delivery that needed to be
addressed (Kim-Farley, 1992b). For example, DPT3 coverage in the WHO Africa
region was below 60% despite coverage having crossed 80% in the Europe,
America, Western Pacific, and South-East Asia regions (Cutts, 1998; Kim-Farley,
1992b). The disparities in routine vaccination coverage persisted into the early 90s,
and global vaccination coverage plateaued at around 80% between 1990 and 1996
(Cutts, 1998).

Global vaccination coverage increased slightly in the 2000s - the coverage of
infants who received three doses of DPT (DPT3) and one measles dose in countries
with available data was 86% in 2018 (Peck, 2019). However, this coverage estimate
was similar to estimates from 2010, indicating another stalling of global vaccination
coverage in recent years (Peck, 2019). While DPT3 coverage has increased across the
WHO regions since the 90s, the African region still has the lowest DPT3 coverage
(74%), and all other regions have coverage over 80% (World Health Organization,
2020d). Furthermore, within these regions, there are reports of declining coverage
among countries in historically well-performing regions such as the America (Brazil,
Bolivia, Venezuela, Haiti, and Honduras) and Western Pacific (Samoa, Papua New
Guinea, and Lao PDR) regions in the past five years which is concerning (World
Health Organization, 2020d). On the other hand, global coverage of newer EPI
vaccines such as hepatitis B, Haemophilus influenzae type B (often combined with
DPT), inactivated polio, and rotavirus vaccines have rapidly crossed 80% in recent
years due to GAVI support, improved vaccine manufacturing and development, and
more robust health systems for vaccine delivery (J. Smith et al., 2011; World Health
Organization, 2020d).
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2.1.2.2  Polio eradication, measles elimination, and other contributions of the EPI to
global health

While the EPI initially focused on six target diseases, special efforts were directed to
control polio and measles in the 1990s (R. H. Henderson et al., 1988). The EPI
target for global polio eradication was set for 2000 (R. H. Henderson et al., 1988).
There was a 79% decrease in paralytic poliomyelitis cases in the early 90s compared
with annual case estimates that would occur in the absence of immunization
programs worldwide (Kim-Farley, 1992). By 2000, the American and Western Pacific
WHO regions were certified polio-free, and the European region had not reported
wild polioviruses for at least two years prior (World Health Organization, 2001).
However, twenty countries in the other three WHO regions remained endemic to
polio, and the coverage of three doses of OPV (OPV3) among infants was lower
than 50% in many of these polio-endemic countries (Centers for Disease Control,
2001). The main challenge to eradication efforts in these countries was to provide
polio vaccines to children in conflict-affected areas (World Health Organization,
2001). Currently, polio is endemic to two countries (Afghanistan and Pakistan), but
26 countries have reported outbreaks of imported wild or vaccine-derived
polioviruses in recent years, complicating global poliovirus eradication efforts
(World Health Organization, 2020a). Introducing a novel oral poliovirus vaccine
(nOPV2) is expected to control ongoing transmission and prevent future outbreaks
of vaccine-derived polioviruses in countries with reported outbreaks (World Health
Organization, 2020b).

The EPI aimed to reduce global measles deaths by 95% and cases by 90%
compared with pre-immunization levels by 1995 (Kim-Farley, 1992b). Before the
launch of the EPL, nearly 8 million deaths and 130 million cases were attributed to
measles every year (World Health Organization, 1996). By 1995, although the EPI
measles reduction targets had not been achieved, measles deaths and cases were
reduced by 85% and 78%, respectively (World Health Organization, 1996). These
global estimates masked important disparities between the WHO regions- only two
countries in the WHO Southeast Asia region and five in the Africa region had
achieved a 90% reduction in measles cases by 1995 (World Health Organization,
1996). Low measles vaccination coverage (<50%) among infants was cited as the
main reason for these regions failing to achieve the EPI measles reduction targets
(World Health Organization, 1996). Global coverage with the first dose of measles-
containing vaccine (MCV1) among infants increased from 72% to 85%, and
reported measles cases and deaths decreased by 83% and 80% during 2000 - 2017
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(compared with estimates from the 1990s) (Dabbagh, 2018). Despite these gains,
measles incidence increased in all WHO regions during 2017 - 2019, stalling ongoing
progress toward global measles elimination (M. K. Patel, 2020). Several countries
across the six WHO regions, such as the Democratic Republic of Congo,
Madagascar, Samoa, China, India, Ukraine, Brazil, and Venezuela, have reported
outbreaks in the past three years (M. K. Patel, 2020). The decreasing MCV1 and
MCV2 coverage in many communities in these countries, due partly to declining
vaccine confidence among the public and health care professionals, is a key driver of

the global resurgence in measles cases (M. K. Patel, 2020).

Promoting universal immunization for all children has led to benefits beyond the
reduced morbidity and mortality due to infectious diseases globally. Vaccination
programs are the cornerstones of primary health care services in many developing
countries (Andre et al, 2008). The EPI focus on infants and their mothers has
contributed to strengthening other primary health services directed toward maternal
and child well-being, such as nutrition, diarrheal disease control, family planning, and
vitamin A and iodine supplementation programs (Kim-Farley, 1992a). The EPI also
promoted routine national systems to surveillance infectious diseases (Chan, 2014).
In 2018, nearly 700 WHO-accredited laboratories across 164 countries undertook
laboratory-based surveillance for measles, rubella, and other vaccine-preventable
diseases (World Health Organization, 2019). These systems have served as platforms
for integrating the surveillance of other infectious diseases (such as influenza, HIV,
cholera, and Ebola) and enabled the detection and management of numerous
epidemics and outbreaks of infectious diseases over the years (Andre et al., 2008;
Wassilak et al., 2017). The EPI has pioneered research and development on
immunization strategies, equipment for vaccine cold chains, technology and delivery
systems for vaccines, and information systems to manage vaccine stocks and
monitor immunization programs globally (Henderson et al., 1988). For example, in
1990, the EPI developed a computerized information system that provided data on
disease incidence and logistical and technical issues among staff and detailed ongoing
immunization-related activities (Hu et al., 1994). This system is a model for regional-
and national-level immunization information systems, including birth and
vaccination registration data, vaccine stocks, cold chain management, and adverse
events following immunization in diverse settings (Namageyo-Funa et al., 2018;
Pabst & Williams, 2015).
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2.1.3  Monitoring EPI performance

2.1.3.1 Indicators of immunization program performance

In its early years, the EPI promoted three principal indicators to monitor the
performance of routine immunization programs — the incidence of target diseases,
vaccination coverage, and the quality of vaccines in use (Henderson, 1984).
Vaccination coverage was included as an “intermediate indicator,” with disease
incidence being the “outcome indicator” for immunization programs globally (Bos
& Batson, 2000; Kim-Farley, 1992b). Other performance indicators such as cold
chain quality, adverse events following immunization, and costs per fully immunized
child or per dose administered were added in the 1990s (Cutts, 1998). Countries
generally emphasize vaccination coverage as the primary measure of performance of
their immunization programs because it is widely used and relatively straightforward
to estimate (Henderson & Keja, 1989; Sodha & Dietz, 2015). Measuring vaccination
coverage periodically provides the benefit of timely evidence of improvement or

deterioration in the performance of routine immunization programs (Bos & Batson,

2000).

Vaccination coverage is calculated as the percentage of people in a target age group
that received a particular vaccine dose by a specific age (Sodha & Dietz, 2015). The
coverage of specific vaccine doses reflects different attributes of immunization
program performance (Sodha & Dietz, 2015) (Table 2). For example, coverage of
the first DPT (DPT1) vaccine dose indicates access to health services, whereas the
coverage of three DPT doses reflects both the ability to access and utilize
immunization services over multiple visits (Sodha & Dietz, 2015). The coverage of
infants under one year of age with one dose of measles-containing vaccine (MCV1)
was closely followed as an MDG indicator for the quality of child healthcare systems
globally (United Nations Development Group, 2003). The percentage of fully
vaccinated children (children vaccinated with all the recommended vaccines during
their first year of life) is a composite indicator that highlights the ability to access and
utilize immunization services over multiple visits during the first year of an infant’s
life (Cutts et al., 1989).

Other performance indicators such as dropouts between early and final doses of

primary vaccination series, missed opportunities for vaccination during health facility

visits and timeliness of vaccination doses have also been employed, but to a lesser

34



degree (V. Mitchell et al, 2013) (Table 2). Dropout rates reflect the ability of
immunization programs to provide the recommended number of doses for vaccines
that require multiple doses (Bos & Batson, 2000). High dropout rates may indicate
health system barriers, inadequate tracking of children at health facilities, or a failure
to educate mothers on the need to return for vaccinations (Cutts et al.,, 2016). A
missed opportunity for vaccination is a failure to vaccinate children eligible for
immunization (and who have no contraindications to immunization) during visits to
health facilities (Hutchins et al., 1993). Missed opportunities for vaccination may
occur due to vaccine stock-outs, mistakes in tracking vaccinations for children, or
parental reluctance to vaccinate sick children (Hutchins et al., 1993; Sridhar et al.,
2014). Vaccination timeliness refers to the age at receipt of individual vaccine doses
relative to the ages recommended by routine immunization schedules (Clark &
Sanderson, 2009). Untimely vaccination increases a child’s risk of contracting
vaccine-preventable diseases, which in turn may limit the ability of immunization
programs to reduce the burden of infectious diseases in specific settings (Clark &
Sanderson, 2009; Luman et al., 2005).
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Table 2. Indicators commonly used to monitor immunization program performance

Program
component

Indicator

Definition

Purpose

1 dose of DPT (DPT1)

1 dose of Measles
containing vaccine

Percentage of children who
received one DPT dose

Percentage of children who
received one measles dose

Access to immunization
services

Quality of immunization
services

(MCV1)

Program outputs
3 doses of DPT Percentage of children who Access to and utilization of
(DPT3) received three doses of DPT immunization services

Fully vaccinated
children

Percentage of children aged
12-23 months who receive all
the recommended vaccines

Access to and utilization of
immunization services over
multiple visits

Dropouts between
DPT1/0OPV1 and

Tracking activities

DPT3/0OPV3

Difference in percentage
receiving DPT1/0OPV1 and
DPT3/0OPV3

Health system barriers, or a
failure to educate mothers
on the need to return for
vaccinations

Children who did not

Percentage of children not Vaccine stockouts, mistakes

ghsi?'(tiunities for ;sﬁ; Ir\wl?hi" V;ch:f isb];:r receiving all the vaccines for in tracking vaccinations or
pportun : y 9 which they are eligible at each  parental reluctance to
vaccination during health facility

. visit vaccinate sick children
visits

Source: (Cutts et al., 1989; Felicity T. Cutts et al., 2016; Hutchins et al., 1993; Luman et al., 2005; V. Mitchell et al.,
2013; Sodha & Dietz, 2015)

2.1.3.2  Methods to monitor immunization program performance

Reliable data are critical to monitoring the progress of health-sector programs
globally (Boerma et al., 2014). As a widely-used indicator of immunization program
and health system performance, vaccination coverage is estimated through direct
measurements of vaccination levels or indirectly through surveys or administrative
reports (Chen & Orenstein, 1996). Direct measurements of vaccination coverage
include vaccination registries and school entry censuses, whereas indirect
measurements utilize community surveys or administrative reports of vaccines
delivered to beneficiaries (Chen & Orenstein, 1996). Each measurement method has
advantages, disadvantages, and scope for use (V. Mitchell et al., 2013).
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Electronic vaccination registries provide data to continuously monitor coverage by
tracking all the vaccines administered to children in each birth cohort (Cutts et al.,
2016). Data from these registries are also used to monitor vaccine supply and send
automated vaccination reminders to parents (Cutts et al., 2013). The usefulness of
electronic registries depends on the completeness, accuracy, and timeliness of data
entry and the denominators used to calculate vaccination coverage (V. Mitchell et al,,
2013). Currently, electronic registries are mainly used in high- and some middle-
income countries; however, there are reports of pilot studies of electronic
vaccination registries in Tanzania, Zambia, Kenya, Pakistan, Bangladesh, and India
(Pancholi et al., 2020). The primary challenges to the widespread use of electronic
registries in low-resource settings include difficulties accounting for migrations
within populations, avoiding record duplication, and adequate funding and human
resources for running them (Cutts et al., 2013; Mitchell et al., 2013) (Table 3).

Most low-income countries rely on paper-based systems to calculate administrative
coverage estimates using aggregated reports of the number of vaccines administered
and estimating the number of children in the target age group at a given time (Cutts
et al., 2016). This method provides information at different administrative levels
(local, district, and provincial) and is relatively inexpensive (V. Mitchell et al., 2013).
In addition, through routine reports, the doses administered to children can also be
compared with the total doses distributed to estimate vaccine wastage rates (V.
Mitchell et al., 2013). However, the reliability of administrative coverage estimates
depends primarily on the quality of the primary recording of vaccinations and the
transcription and compilation of information at the different levels of aggregation
(Cutts et al, 2013). Besides, overestimation or underestimation of vaccination
coverage is likely due to the inclusion of children outside the target age group,
private practitioners not reporting vaccination information, and inaccurate
population denominators (Cutts et al., 2013; Mitchell et al., 2013). Due to these
limitations, other data sources such as surveys are often considered for the WHO-
UNICEF estimates of national immunization coverage (WUENIC) (Cutts et al.,
2013).

Community surveys often serve as a complementary data source to administrative
reports to estimate vaccination coverage in many countries (V. Mitchell et al., 2013).
The most common coverage surveys include the Multiple Indicator Cluster Survey
(MICS) and Demographic Health Survey (DHS), the Expanded Program on
Immunization (EPI) cluster survey, and Lot Quality Assurance Sampling (LQAS)
surveys (Cutts et al,, 2013). The MICS and DHS are nationally representative
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household surveys that employ probability sampling to provide information on
various health indicators such as mortality, reproductive and child health,
HIV/AIDS, malatia, and nutrition (Cutts et al., 2013; V. Mitchell et al., 2013). The
WHO developed the EPI cluster survey in 1982 as a practical tool to estimate
vaccination coverage within ten percentage points of the point estimate (Henderson
& Sundaresan, 1982). The LQAS surveys use stratified sampling to estimate health
intervention coverage in many low- and middle-income countries (Cutts et al., 2013).
Coverage surveys provide an opportunity to capture other relevant indicators such as
vaccine timeliness and missed opportunities for vaccination and can also assess the
reasons for failure to vaccinate and capture the occurrence of adverse events (V.
Mitchell et al., 2013). However, potential sources of error such as biases due to the
exclusion of subpopulations, accuracy of primary vaccination recording and oral
history of vaccinations (for children without written records), or due to limited

sample sizes limit the reliability of estimates from coverage surveys (Cutts et al.,
2016; Mitchell et al., 2013) (Table 3).
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Table 3. Strengths and limitations of the different methods to measure vaccination coverage

Method .rrnipaess:ement Strengths Limitations
Can give accurate information e Requires good computer access
on the vaccination status of e Requires a complete birth
individuals and populations registry to calculate population
EIeFtrqnic Direct Can be used to set denominators
registries . .
appointments and issue o Difficult to track vaccinations
reminders among migrants
Reduces time spenton paper e Requires adequate funding and
registers human resources
Simple to set up e Population are denominators
Allows monitoring of often inaccurate
vaccination coverage through e Private sector vaccinations not
Administrative | .. the year and by district or reported
reports health facility o Exaggeration of administered
Can be used to track coverage doses possible
and dropouts at the local level o Transcription errors possible at
the various levels of aggregation
Can provide accurate « Sampling frame for surveys often
information if well-conducted based on outdated census
Other indicators such as information
missed opportunities canbe o High-risk subgroups such as
Surveys Indirect assessed migrants may be missed

Large-scale surveys can be
run for multiple programs to
reduce costs

e Home-based records may be
missing or incomplete, accuracy
of verbal history varies

o Small samples give imprecise
results

Source: (V. Mitchell et al., 2013)
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2.2 The Universal Immunization Program (UIP) in India

2.2.1  Introduction, implementation, and vaccine antigens

India launched its EPI in 1978, aiming to reduce the morbidity and mortality due to
diphtheria, tetanus, pertussis, poliomyelitis, and tuberculosis by vaccinating all
eligible children and pregnant women by 1990 (Vashishtha & Kumar, 2013). The
annual incidence of vaccine-preventable diseases (VPDs) such as tuberculosis (102
cases per 100,000 people) and pertussis (48.7 per 100,000 people) was exceptionally
high prior to the launch of the Indian EPI (Basu, 1980). Despite the high incidence
of VPDs, only 7.9% of eligible children and 6.8% of pregnant women received two
doses of DPT and T'T vaccination, respectively, based on reported data during 1975-
76 (Basu, 1980). While the EPI aimed to improve the coverage of recommended
vaccines across the country there were reports that EPI vaccines were mainly
administered in major hospitals and urban areas, which stalled progress in its early
years (Lahariya et al., 2013).

The EPI was converted into the Universal Immunization Program (UIP) in 1985,
which aimed to rapidly increase vaccination coverage across India and improve the
quality of immunization services available to eligible populations (Sokhey et al,
1989). The UIP initially covered 31 districts but planned to systematically expand its
services to cover all Indian districts by 1990 (Sokhey et al., 1989). The UIP also
focused on establishing reliable cold chain systems at health facilities, promoting
district-level monitoring and evaluation of programs, and achieving self-sufficiency
in producing the recommended vaccines (Lahariya et al., 2013). The program initially
recommended that infants receive three doses of DPT and OPV (with one-month
intervals between doses), one dose of BCG between 3 — 9 months of age, and a
measles dose during 9 — 12 months of age (Basu, 1980). Under the UIP, it was also
recommended that pregnant women receive three doses of TT, beginning at the 16t

week of pregnancy and with one-month intervals between the doses (Basu, 1980).

For nearly two decades, the UIP primarily focused on increasing the coverage of
four vaccines (BCG, DPT, OPV, 