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Abstract 

 

Embedded in the study of interactions between global health initiatives and country 

health systems, this paper analyses the impact of the Polio Eradication Initiative’s (PEI) on 

the routine immunisation programme in Uttar Pradesh, India. 

Applying the policy implementation framework and a mixed-method research design 

to analyse the PEI’s policy to “strengthen routine immunisation,” qualitative analysis demon-

strates ambiguous translations of programme policies into operational guidelines. Trends in 

financial resource allocation and vaccine delivery logistics suggest that this ambiguity gives 

rise to a prioritisation of polio eradication at the expense of routine immunisation strengthen-

ing. 

This mismatch is reinforced through the quantitative analysis of household survey da-

ta from 2002 to 2008 (District Level Household and Facility Survey). Logistic regression 

analysis suggests that, within Uttar Pradesh, children with a greater exposure to mass polio 

immunisation rounds had a lower chance to attain full routine immunisation. However, such 

adverse policy outcomes need not be a general rule as a similar analysis for the state of Bihar 

yields more encouraging outcomes. 

One mechanism underlying these processes and outcomes appears to be the institu-

tionalisation of mandates in programme implementation. In a health system context that as-

signs dominance to scientific knowledge and to influential stakeholder groups in health agen-

da-setting and policy-making, the National Polio Surveillance Project emerges as a powerful 

technical advisory body. However, its primary objective of eradicating poliomyelitis—rather 

than supporting routine immunisation operations—suggests a likely programme governance 

bias which contributes to the mismatch between the routine immunisation strengthening poli-

cy and its implementation. 

This paper suggests that global health initiatives do not leave health systems unaffect-

ed, which can potentially undermine the direct effects of the intervention. Policy implementa-

tion processes can contribute to such adverse outcomes, albeit their extent merits further in-

vestigation. To address the challenges of polio (and soon measles) immunisation in India, 

participation of non-technical stakeholders such as recipient communities in programme gov-

ernance is suggested. 
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1 Introduction and Background 

Embedded in the study of interac-

tions between global health initiatives and 

country health systems, this paper analyses 

the impact of the Polio Eradication Initia-

tive’s (PEI) on the routine immunisation 

programme in Uttar Pradesh, India. Global 

public health in recent decades has increas-

ingly emphasised coordinated efforts to 

eradicate, eliminate, or control diseases 

and other health problems. Such efforts are 

referred to as global health interventions or 

initiatives (GHIs). To date, more than 100 

such programmes provide donor-generated 

funding of billions of dollars each year and 

are directed at health problems as diverse 

as blindness, nutrition, or malaria (WHO 

MPSCG, 2009:2137-2139). One example 

of these global health interventions is the 

Global Polio Eradication Initiative (GPEI) 

and its Indian pendant, the Indian Polio 

Eradication Initiative (PEI). The global 

polio eradication activities have been most 

extensive in India, where the success of 

eliminating poliomyelitis has materialised 

only very recently. 

The analytical interest in global 

health interventions is based on their char-

acteristic integration into and interaction 

with country health systems (Balabanova 

et al., 2010:6; Biesma et al., 2009:240; 

Cavalli et al., 2010:1; WHO MPSCG, 

2009:2140). Such interaction between the 

Polio Eradication Initiative and the Indian 

health system can be exemplified through 

the Indian routine immunisation (RI) or 

Universal Immunisation Programme 

(UIP), for at least three reasons. Firstly, 

India had already been carrying out polio 

immunisation 20 years before the PEI un-

der the routine immunisation programme 

(Bhattacharya and Dasgupta, 2009:1181).
1
 

                                                 
1
The World Health Assembly (WHA) 

adopted the Expanded Programme on Immunisa-

tion (later UIP) in 1974 with resolution 

WHA27.57, calling for national immunisation 

programmes against diphtheria, pertussis, tetanus, 

The UIP therefore is a visible and estab-

lished component of the Indian health sys-

tem and had already matured when the 

polio eradication programme was intro-

duced. Secondly, despite its emancipation 

into a separate national programme, polio 

vaccination has also remained part of the 

routine immunisation programme, making 

routine polio immunisation a complemen-

tary strategy to eradicate polio. Thirdly, an 

explicit link exists between polio eradica-

tion as GHI and routine immunisation as 

part of the Indian health system: The con-

stituent document of the GPEI (WHA 

Resolution 41.28) notes, “Efforts to eradi-

cate poliomyelitis serve to strengthen oth-

er immunization and health services” 

(WHA, 1988:1; emphasis added). There-

fore, in investigating the interaction be-

tween the PEI and the Indian health sys-

tem, the link to the routine immunisation 

programme is worthy of academic scruti-

ny.  

In the following, selected features 

of the Polio Eradication Initiative and the 

Indian routine immunisation programme 

are outlined to prepare the analysis (Table 

1). Figure 1 depicts a schematic overview 

of the organisational structures of both 

programmes. As centrally sponsored 

health programmes, both are managed by 

the Ministry of Health and Family Wel-

fare’s (MoHFW) national immunisation 

cell and both have central technical adviso-

ry committees. The PEI receives technical 

advisory from the India Expert Advisory 

Group (IEAG), comprising representatives 

from various stakeholders including the 

Indian government who meet on a semi-

annual basis to review programme pro-

gress and provide strategic recommenda-

tions. The Universal Immunisation Pro-

gramme is advised by the National Tech-

nical Advisory Group on Immunisation 

(NTAGI), which partly receives inputs 

                                                                       

measles, poliomyelitis, tuberculosis, smallpox, and 

other diseases (Litsios, 2008:191). 
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from the IEAG but meets on a less fre-

quent basis (John, 2010:A89-A90). 

Through the joint management 

(and thus ownership) by the MoHFW, the 

responsibility of implementing both pro-

grammes falls on the Indian states and 

their health administration. Although this 

means that immunisation officers on the 

state, district, and sub-district level are 

responsible for planning both routine im-

munisation and polio eradication activities, 

the PEI support structures deviate from RI. 

Specifically, the polio programme enjoys 

the assistance from the National Polio 

Surveillance Project (NPSP) and UNICEF, 

both acting as implementing partners: the 

NPSP, a collaborative institution between 

the Indian government and the World 

Health Organisation, provides technical 

advisory and surveillance intelligence. 

UNICEF manages the so-called Social 

Mobilisation Network (SMNet) in Uttar 

Pradesh and Bihar to support the pro-

gramme implementation through educa-

tion, communication, and awareness ac-

tivities (NPSP, 2006:8-9; Saxena, 

2009:23). Besides, steering committees 

and task forces on all levels of the imple-

mentation chain facilitate the operational 

planning and execution of supplementary 

immunisation activities in the PEI (NPSP, 

2006:8-10). 

Furthermore, main differences in 

service delivery exist. Routine immunisa-

tion service delivery is conducted through 

regularly scheduled outreach sessions in 

villages and at health facilities (e.g., day-

long activities, twice per week). In con-

trast, the Indian polio eradication efforts 

utilise national and sub-national immun-

isation days and mop-up campaigns solely 

dedicated to polio immunisation in addi-

tion to the on-going routine immunisation 

(6- to 11-day immunisation activities be-

tween 2 and 12 times per year; NPSP, 

2011: “Eradication Strategy”). Although 

the programmes differ in their service de-

livery approach, the PEI relies largely on 

the same implementation personnel of the 

health system that also carries out routine 

immunisation (besides voluntary vaccina-

tors and the implementation partners’ 

staff).  
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Table 1. Schematic Comparison of Routine Immunisation and Polio Eradication. 

 Universal Immunisation Programme (UIP) Polio Eradication Initiative (PEI) 

Objective Every child is immunised with all recom-
mended antigens

a
 

Elimination of wild poliovirus and associated 
cases of clinical poliomyelitis 

Target Set of diseases (rather than patient): Tuber-
culosis, poliomyelitis, diphtheria, pertussis, 
tetanus, hepatitis B,

b, c
 measles, Japanese 

encephalitis
c 

One disease: poliomyelitis 

Administrative 
Structure 

National programme: Policy-making central-
ised, integrated into National Rural Health 
Mission, technical advisory through National 
Technical Advisory Group on Immunization 
(NTAGI) 

National programme: Policy-making central-
ised, integrated into National Rural Health 
Mission, technical advisory through separate 
committees and India Expert Advisory Group 
(IEAG), Global Polio Eradication Initiative 
(GPEI) as international coordinating body 

Implementation 
Structure 

Integrated: Implementation planning through 
health administration, dedicated immunisa-
tion officers 

Primarily integrated: Implementation planning 
through health administration, dedicated 
immunisation officers, dedicated micro-
planning and review processes, technical 
support through National Polio Surveillance 
Project (NPSP), social mobilisation support 
through UNICEF

d
 

Service Deliv-
ery 

Primarily integrated: Vaccine delivery 
through health workers in health centres and 
hospitals, partially campaign and outreach 
mode (biweekly sessions), supplemented by 
private sector (10-15% of administered vac-
cines) 

Primarily freestanding: Vaccine delivery 
through health workers and volunteers in 
dedicated mass immunisation campaigns (6 
to 11 days, up to 12 times per year), supple-
mented by routine immunisation of polio 

Polio Vaccine 
Strategy

e 
 Trivalent OPV (from inception onwards) 

 Inactivated polio vaccine (recommended 
by Indian Academy of Pediatrics to private 
practitioners) 

 Trivalent OPV (from inception onwards) 

 Monovalent OPV (adopted 2005) 

 Bivalent OPV (adopted 2010) 

Target Popula-
tion 

All infants and children under 5 years of age 
in India

f 
All infants and children under 5 years of age 
in India 

Temporal 
Scope 

Continuous: according to national immunisa-
tion schedule 

Time-bound: dependent on achievement of 
programme objectives 

Budgeting 
Process 

Integrated into budget of National Rural 
Health Mission 2005-2012; long-term budg-
eting approach (continuous programme); 
domestically funded 

Integrated into budget of National Rural 
Health Mission 2005-2012; short-term budg-
eting approach (time-bound programme); 
partly externally funded 

Monitoring and 
Surveillance 

Monitoring and surveillance at primary 
health centre level; recently introduced 
monitoring of vaccine-preventable diseases 
and of adverse effects following immunisa-
tion 

Dedicated polio immunisation round monitor-
ing; separate AFP (acute flaccid paralysis; 
i.e., symptom) surveillance structure with 
dedicated surveillance officers 

Source: Own elaboration, based on Criel et al. (2004); Dasgupta (2006:293); GoI (2004, 2010); MoHFW (2005a, 2008, 

2011b, 2011c); NPSP (2006, 2011); Planning Commission (2008); WHO (2011d), Yewale et al. (2011:47-50); interviews 

and field notes. 

Note. Current programme characteristics. 
aThis also includes administration of Vitamin A and zinc supplements. 
bHepatitis B vaccines are administered together with DPT vaccines. 
cOnly in selected states, districts, and/or cities. 
dUNICEF is responsible for communication activities, supported by other partners such as Rotary International. 
eTrivalent oral polio vaccine (tOPV) is used against all poliovirus sub-types (P1, P2, and P3), with highest efficacy against 

P2. Monovalent OPV (mOPV) is used against P1 or P3 with a higher efficacy than tOPV. Bivalent OPV (bOPV) is used 

against P1 and P3 simultaneously, with higher efficacy than tOPV (but lower than individual doses of mOPV). The inacti-

vated polio vaccine (IPV) is injectable and used against P1, P2, and P3 at higher costs but with lower risk of adverse side 

effects such as vaccine-associated paralytic poliomyelitis and circulating vaccine-derived poliovirus. 
fException: Tetanus toxoid (TT) vaccines (administered to pregnant women and to children of 10 and 16 years of age). 
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Figure 1. Simplified Administrative and Implementation Structures of Routine Immunisation and Polio Eradication in India.

 
Source: Own illustration, based on Department of Administrative Reforms & Public Grievances (n.d.), NPSP (2006, 2011), UNICEF (2011), WHO (2011e). 

Notes. Simplified illustration. State and lower levels specific for Uttar Pradesh. NPSP is National Polio Surveillance Project, UNICEF is the United Nations Children's Fund. 
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In short, although differences be-

tween the PEI and UIP exist, the pro-

grammes are by no means detached from 

each other. Instead, interfaces exist be-

tween them due to partial overlap in areas 

such as administrative and implementation 

structures, budgeting processes, and vac-

cine delivery logistics. To examine the 

extent to which the PEI strengthens routine 

immunisation as stipulated in its constitu-

ent documents, this paper applies the poli-

cy implementation framework to global 

health interventions as they are guided by 

policies to be implemented in an existing 

country health system. This framework is a 

theorisation of the policy process drawn 

from the field of policy analysis. Important 

elements for the purpose of this analysis 

are (a) the divergence between formulated 

and implemented policy and (b) the nature 

of the policy implementation process with 

agency, structures, and power being im-

portant features. This means that, in the 

current context, health interventions are 

understood as embedded in the policy pro-

cess. Interventions guided by policies en-

tail internal contradictions in an existing 

healthcare system, which need to be medi-

ated by lower-tier bureaucrats. Whether 

the implementation of the global health 

intervention is successful depends on insti-

tutional mechanisms to align policy and 

implementation, and on the autonomy en-

joyed by lower-tier decision makers. Seen 

from this perspective, what is important is 

not only the outcome of the health inter-

vention, but also what explains this out-

come. 

To investigate processes and out-

comes of policy implementation in global 

health interventions, this paper reports the 

findings from a set of qualitative and quan-

titative methods. Fieldwork for this re-

search took place between August 1 and 

September 15, 2011, in Uttar Pradesh and 

Delhi (Figure 2). As the primary means to 

inform whether the PEI strengthens routine 

immunisation, 47 semi-structured inter-

views with 67 informants were conducted 

along the implementation chain (some 

interviews included more than one re-

spondent; Figure 3). In addition, two focus 

group discussions with frontline imple-

menters (nurses and doctors) were con-

ducted, one each in Lucknow and Bara-

banki. In order to understand context and 

work practices in health service delivery, 

the implementation practice in both polio 

eradication and routine immunisation was 

explored through non-participant observa-

tion. Finally, a review of documentary 

sources was conducted (Table 3) in order 

to triangulate and contextualise the infor-

mation gathered from semi-structured in-

terviews and focus group discussions, to 

understand the health system context in 

which the policy implementation takes 

place, and to complement the data set for 

the quantitative analysis. The quantitative 

analysis examines the outcomes of the 

PEI’s routine immunisation strengthening 

policy on a larger scale through logistic 

regression of household data from the In-

dian District Level Household and Facility 

Survey 2002-4 and 2007-8 (Table 2). 

The remainder of this paper is 

structured as follows: Section 2 presents 

qualitative findings on the congruence of 

policy formulation and its implementation. 

As an imbalance between polio eradication 

and routine immunisation strengthening is 

detected, Section 3 explores quantitatively 

whether this has repercussions on routine 

immunisation attainment in Uttar Pradesh. 

Section 4 concludes that one explanation 

for the observed incongruence between 

formulated and implemented policy is the 

primacy of scientific knowledge in 

healthcare in India, which empowers the 

National Polio Surveillance Project as 

principal implementation partner yet with 

a mandate that focuses primarily on polio 

eradication. 
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Figure 2. Map of Field Sites in Uttar Pradesh. 

 
Source: Adapted from GoI (2011a:29). 

 

Table 2. Summary of District-Level Household and Facility Survey, Rounds 2 and 3. 

 DLHS II (2002-2004) DLHS III (2007-2008) 

Sampling
 

Multi-stage, stratified systematic sampling with population weights (representative) 

Geographical Scope Nationwide 

Sample Size 620,107 households 
507,622 currently married women 15-44 
40,795 health facilities 

720,320 households 
634,944 ever married women 15-49

a 

31,445 health facilities 

Immunisation Indica-
tors 
(All India Average) 

Children 12-23 months (n = 62,505): 
BCG:  75.0% 
DPT 3:  58.2% 
Measles:  56.0% 
Polio 3:  57.2% 
Full immunisation: 45.8% 

Children 12-23 months (n = 65,628): 
BCG:  86.7% (86.7%) 
DPT 3:  63.4% (63.5%) 
Measles:  69.1% (69.5%) 
Polio 3:  65.6% (66.0%) 
Full immunisation: 53.5% (54.0%) 

(parentheses adjusted for currently 
married mothers 15-44, n = 64,702) 

Data Quality Sample response rates: 
Households: 98.9% 
Currently-married women: 86.8% 

Vaccinations recorded on vaccination 
card (12-23 months): 31.0% 

Sample response rates: 
Households: 94.0% 
Ever-married women: 89.0% 

Vaccinations recorded on vaccination 
card (12-23 months): 42.9% 

Source: Own elaboration, based on IIPS (2005, 2006, 2010a). 
aPooled data set has been adjusted to children of currently married mothers aged 15 to 44 years.  

Lucknow 

Barabanki 

Agra 

      Firozabad 
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Figure 3. Overview of Semi-Structured Interviews. 

 
Source: Own illustration. 

Notes. Entries in parentheses indicate informal conversations that do not count towards the sampled interviews. NPSP is not 

active on the sub-district level. GPEI is Global Polio Eradication Initiative, NPSP is National Polio Surveillance Project, SR 

is sub-region, UNICEF is the United Nations Children's Fund.  
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Table 3. Overview of Documentary Sources and Their Use. 

Document  
Type 

Use of Information and Data 

Sources Health System Con-
text 

Research  
Question 1 

Research  
Question 2 

International 
Policy Regime 

 Contextualisation of 
programme policies 

   WHA 

 GPEI 

National and 
State Health 
Policies 

 Health system sta-
tus 

 Contextualisation of 
programme policies 

 Programme govern-
ance 

  National Health 
Committees 

 Planning Com-
mission 

 GoI 

 MoHFW 

Programme 
Policy Docu-
ments 

 Comparison of pro-
gramme features 

 Programme strate-
gies 

 Programme govern-
ance 

 Polio round expo-
sure variable 

 India Expert 
Advisory Group 

 MoHFW 

 NPSP 

 UNICEF 

Policy Evalua-
tions 

 Comparison of pro-
gramme features 

 Triangulation of quali-
tative findings 

 Triangulation of 
quantitative findings 

 WHO 

 MoHFW 

 NRHM 

 Independent 
Evaluators 

Other Policy 
Documents 
(Standards, 
Annual Reports, 
Health Data) 

 Health system sta-
tus 

 Programme struc-
tures 

 Triangulation of quali-
tative findings 

  MoHFW 

Policy Imple-
mentation 
Plans, Hand-
books, and 
Guidelines 

 Health system sta-
tus 

 Programme struc-
tures 

 Triangulation of quali-
tative findings  

 Programme govern-
ance 

 Financial and human 
resources 

 Vaccine logistics 

  GoI 

 MoHFW 

 NRHM 

 NPSP 

 UNICEF 

Planning, Moni-
toring and Re-
view Formats 

  Implementation sup-
port in planning and 
monitoring 

 Monitoring formats and 
reporting requirements 

  UP Department 
of Health 

 NPSP 

 UNICEF 

Briefing Material  Implementation 
support structures 

 Implementation part-
ner support 

  UNICEF 

Implementation 
Data 

  Triangulation of quali-
tative findings  

 Implementation of RI 
strengthening policy 

 Polio round expo-
sure variable 

 UP Department 
of Health 

 NPSP 

 UNICEF 

Source: Own elaboration. 

Notes. GoI is Government of India, GPEI is Global Polio Eradication Initiative, MoHFW is Ministry of Health and Family 

Welfare, NPSP is National Polio Surveillance Project, NRHM is National Rural Health Mission, UP is Uttar Pradesh, 

UNICEF is the United Nations Children's Fund, WHA is World Health Assembly. 
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2 Qualitatively Examining the Con-

gruence Between Formulated and 

Implemented Programme Policy 

The following section reports 

qualitative findings on the implementation 

of the PEI’s routine immunisation 

strengthening policy. The first sub-section 

is concerned with the translation of strate-

gic decisions of the PEI’s policy-making 

body into operational guidelines for the 

implementers. The following sub-sections 

explore how the ensuing ambiguity mani-

fests itself with respect to financial re-

source allocation and vaccine delivery 

logistics. These areas highlight the implicit 

prioritisation of polio eradication vis-à-vis 

routine immunisation strengthening within 

the PEI. 

2.1 Strategic Decision-Making 

Although the eradication of polio is 

continuously re-affirmed by policy makers 

and is stipulated as a national health priori-

ty in policy documents such as the Nation-

al Health Policy 2002 (CCHFW, 2009:7, 

40; MoHFW, 2002b: Box IV), there exists 

no formalised national polio policy. The 

PEI programme policy is instead made in 

the form of strategic programme decisions 

by the India Expert Advisory Group (IE-

AG) as the de facto decision-making au-

thority. These programme policies indeed 

emphasise the strengthening of routine 

immunisation and its operations. A review 

of the minutes of the IEAG meetings over 

the last ten years shows that this strategic 

link has developed over time as the PEI 

intensified and matured. For example, the 

IEAG only irregularly mentioned routine 

immunisation in its recommendations be-

fore 2002 (six years after programme in-

ception), after which RI became a regular 

category of analysis and recommendation 

(IEAG, 2001:3, 2002:6). Within the IEAG 

recommendations, the concern regarding 

routine immunisation operations is not 

confined to the polio vaccine (OPV). For 

instance, the IEAG emphasises the provi-

sion of DPT vaccinations and recommends 

combining BCG vaccines with OPV birth 

doses (IEAG, 2003a:6, 2003b:6).
2
 In other 

words, the strategic decisions within the 

PEI demonstrate a concern for polio im-

munisation and all other vaccines in the 

UIP. 

The adoption of these policies re-

quires translation into operational guide-

lines, which introduces ambiguity into the 

interpretation of “routine immunisation 

strengthening. The guidelines of the PEI 

implementing partners illustrate this: the 

Field Guide of the National Polio Surveil-

lance Project (NPSP) translates routine 

immunisation strengthening into “achiev-

ing and maintaining high routine coverage 

in infants younger than 1 year with at least 

3 doses of oral polio vaccine (OPV3)” 

(NPSP, 2005:8). Because there is no men-

tioning of other routine immunisation vac-

cines such as BCG or DPT, this represents 

a rather narrow focus on the polio-

component of routine immunisation. Other 

guidelines, for example by the UNICEF 

Field Office in Lucknow, interpret routine 

immunisation strengthening in broader 

terms. In the so-called convergence strate-

gy in the context of the 107 Block Plan (a 

recent initiative that intends to integrate 

polio eradication, routine immunisation, 

nutrition, sanitation, hygiene, and educa-

tion), UNICEF’s guidelines emphasise, 

“Ensuring all parents of under five chil-

dren in the high risk blocks know about 

the importance of RI [routine immunisa-

tion] and the RI schedule” (UNICEF, 

2010:2).
3
 Interviews with officers from the 

Ministry of Health and Family Welfare 

(MoHFW) as well as from the implement-

ing partners UNICEF and NPSP echo such 

divisions. These ambiguous interpretations 

                                                 
2
The BCG (Bacillus Calmette-Guérin) 

vaccine is used against tuberculosis; DPT against 

diphtheria, pertussis, and tetanus. 

3
Although the NPSP is adapting to this 

broader perspective, it remains largely confined to 

the 107 blocks (NRHM, 2010:432). 
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as to how routine immunisation ought to 

be strengthened create space for a mis-

match between policy and implementation. 

2.2 Budgeting and Financial Resource 

Allocation 

Trends in the relative and absolute 

allocation of financial resources between 

polio eradication and routine immunisation 

are likely linked to the ambiguity in the 

operational guidelines. Polio eradication 

endowments disproportionately exceed 

routine immunisation, and it appears that 

routine immunisation funding falls short of 

levels required to deliver services suffi-

ciently. 

The annual national budgets for po-

lio eradication and routine immunisation 

(both including vaccine and operating 

costs) are GBP 150 million and GBP 65 

million, respectively (MoHFW, 2011a:60). 

In addition, external funding for the PEI 

implementation support is in the magni-

tude GBP 12 million for the NPSP and 

GBP 6 million for UNICEF’s SMNet 

(Field notes and Jafari, 2008:20). Figure 4 

displays the financial allocations to routine 

immunisation and polio eradication specif-

ically for Uttar Pradesh. These data show 

that polio eradication funding has exceed-

ed routine immunisation in recent years 

three- to seven-fold. In other words, 

whereas approximately GBP 1.00 to 1.40 

per child per year are spent in Uttar Pra-

desh on polio eradication campaigns, GBP 

0.15 to 0.30 per child are used for vac-

cinating against the six childhood diseases 

(including polio) in the routine immunisa-

tion programme. Only in the most recent 

funding proposal is this ratio lowered to 

1.35, owing to increased spending on rou-

tine immunisation and reduced projected 

expenditures for polio eradication. 

 

 

Figure 4. Financial Resource Allocation, Uttar Pradesh, 2005-06 to 2011-12.

 
Source: Own illustration, based on NRHM (2008:2, 2011c, 2011b:12-13, 355, 328). 

Notes. Approved partial budgets of the National Rural Health Mission in Uttar Pradesh. No values for routine immunisation 

available for 2006-2007 (polio eradication accounted for INR 1.6 billion). RHS is right hand side. 
aRoutine immunisation: proposed to Government of India for approval. 
bProposed to Government of India for approval. 

 

 

While disagreements arise among 

interview respondents as to whether the 

relative allocation of funds between the 

two programmes is justified, also absolute 

funding levels indicate that polio eradica-

tion is well endowed in contrast to routine 

immunisation. There appears to be a con-

sensus among the informants that the Polio 
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Eradication Initiative does not suffer from 

financial shortages and that any funding 

gaps are met through external donor sup-

port. In contrast, the perceptions about 

routine immunisation financing levels are 

more mixed. For example, the Chief Medi-

cal Officer of Lucknow district states that, 

“For polio, we often surrender unused 

funds of a couple of thousand rupees. For 

routine immunisation, this is not the case. 

The funds are very little, so there is noth-

ing left.” However, especially respondents 

from the lowest implementation levels 

(e.g., nurses) were more optimistic about 

the sufficiency of routine immunisation 

funding. 

Overall, the Polio Eradication Initi-

ative enjoys a much better financial posi-

tion than routine immunisation. Respond-

ents’ views on the balance of such alloca-

tions are mixed, but especially from higher 

levels of the implementation chain, opin-

ions emerge that financial resource alloca-

tion for polio is disproportionately high. 

This resonates with Laxminarayan and 

Ganguly (2011:1100-1101), who recently 

claimed that the goal of universal immun-

isation under the UIP in India is unattaina-

ble at current levels of financing. The im-

plicit prioritisation of polio therefore raises 

doubts about the coherence with the policy 

of supporting routine immunisation 

through the PEI’s supplementary immun-

isation activities. 

2.3 Vaccine Delivery Logistics 

Cold chain management and vac-

cine delivery (i.e., delivery from the point 

of supply to the point of application) are 

two areas of vaccine delivery logistics per-

formance that are often claimed to benefit 

from polio eradication. However, in ac-

cordance with the preceding sub-section, 

performance levels across the two pro-

grammes differ and the PEI may even be 

to the detriment of routine immunisation 

operations in some occasions. 

Especially among central-level ac-

tors and the implementation partners, rou-

tine immunisation cold chain management 

is thought to benefit from the PEI immun-

isation activities. This is because of the 

overlap in their vaccine strategies with 

respect to the oral polio vaccine (OPV), 

and because the PEI mass immunisation 

campaigns require extensive cooling ca-

pacity to maintain vaccine efficacy that 

could be utilised for routine immunisation 

delivery. Nevertheless, the positive effects 

seem to be selective and occasionally even 

negative. One example comes from an 

informant who served as NPSP Surveil-

lance Medical Officer and as Deputy Chief 

Medical Officer in Uttar Pradesh. He ar-

gues, “The vaccine supply for RI [routine 

immunisation] is not stable. The cold chain 

is not used for RI, the freezers are only 

used for polio ice packs.” A recent 

UNICEF assessment lends support to such 

claims, stressing the insufficiency of the 

available cold chain infrastructure and 

management capacity for the Universal 

Immunisation Programme (UNICEF, 

2008:21-31, 92-96). 

Furthermore, differences in the per-

formance levels of vaccine delivery logis-

tics indicate that the UIP does not benefit 

as much from the PEI as its routine im-

munisation strengthening policy suggests. 

Contrary to the PEI, routine immunisation 

seems to be impaired by problems in vac-

cine delivery logistics. Especially nurses, 

responsible for delivering vaccines in the 

PEI and UIP, provide support for this 

claim. Their perception of relatively weak 

logistics in the UIP is corroborated by rou-

tine immunisation monitoring data made 

available by UNICEF. For example, in 

Barabanki and Lucknow, 10% and 13% of 

the scheduled RI sessions between January 

and November 2011 were not held, logis-

tics problems being the predominant un-

derlying reason (fieldwork data, provided 

by UNICEF; similar trends also exist for 

other districts of Uttar Pradesh). In con-

trast, only a portion of 2.0% to 2.9% of all 

children in Uttar Pradesh did not receive 
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the oral polio vaccine during polio immun-

isation rounds between May 2009 and 

June 2011 (Lal, 2011:12). Albeit this indi-

cator is slightly different from the number 

of sessions held, vaccine logistics need to 

be fully functional in order to achieve such 

a high coverage. This indicates considera-

bly higher vaccine delivery logistics per-

formance in the PEI and suggests that the 

spillovers to routine immunisation are lim-

ited and short of the PEI’s potential. 

2.4 Summary 

The Polio Eradication Initiative has 

been widely considered a remarkable suc-

cess (e.g., Grassly et al., 2009:20), leading 

to little doubt on positive spillovers to rou-

tine immunisation. Also the strategic deci-

sions made by the Indian Expert Advisory 

Group suggest that the “strengthening of 

routine immunisation” is a strategic objec-

tive as stipulated in the constituent docu-

ments of the Global Polio Eradication Ini-

tiative. Yet the interpretation of these stra-

tegic decisions by programme actors yields 

ambiguity that potentially contradicts the 

implementation of the policy. The analysis 

of financial resource allocation suggested 

that the ambiguity resolves in a dispropor-

tionate financial support for polio eradica-

tion, although the informants disagree 

whether this is justified. Similar trends can 

be observed in terms of vaccine delivery 

logistics, where a lower performance of 

cold chain management and vaccine deliv-

ery in routine immunisation indicate that 

the PEI policy to strengthen routine im-

munisation is at best selective. The follow-

ing section explores whether the mismatch 

policy implementation processes have a 

discernible impact on the attainment of 

routine immunisation. 

3 Quantitatively Assessing the Impact 

of Polio Eradication on Routine 

Immunisation Uptake 

This section explores whether the 

alleged divergence between the formulated 

and implemented routine immunisation 

strengthening policy of the PEI has a dis-

cernible impact on routine immunisation 

outcomes in Uttar Pradesh when control-

ling for other determinants of full immun-

isation such as child age, maternal educa-

tion, or household wealth (see Table 4). 

The outcome in question is full immunisa-

tion against all routinely administered 

pathogens according to the Indian national 

immunisation schedule (specifically full 

immunisation with BCG, DPT, and Mea-

sles vaccine; thus neither merely the polio 

vaccine nor partial immunisation). 
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Table 4. Main Determinants of Full Immunisation and Hypothesised Impact. 

Determinant 
Hypothesised Influence on Full Im-

munisation (+ / –) 
Sources 

Supply: Health System 

Political and Institutional Con-
text 

Supportive supervision in place (+) 
Babu et al. (2011b) 
Gauri and Khaleghian (2002) 

Health Infrastructure Proximity to health facilities (+) 
Datar et al. (2007) 
Phukan et al. (2009) 

Availability of Health Personnel 
High number of nurses per 1,000 popu-
lation (+) 

Anand and Bärnighausen (2007) 

Vaccine Supply All vaccines are available (+) Interview 12 

Demand: Community Level 

Adverse Effects Following Im-
munisation 

Incidence of vaccine-associated para-
lytic poliomyelitis (–) 

Interview 12 

Epidemiological Context of 
Household 

Outbreaks of vaccine-preventable dis-
eases (+) 

Nichter (1995) 
Interview 9 

Demand: Household Level 

Household Standard of Living High wealth or asset index (+) 
De and Bhattacharya (2002) 
Nath et al. (2007) 

Religion Household head is Muslim (–) 

De and Bhattacharya (2002) 
Jeffery and Jeffery (2011) 
Nath et al. (2007) 
Nichter (1995) 
Pande (2003) 

Demand: Maternal (and Paternal) Level 

Education of Parents Years of schooling of mother (+) 
De and Bhattacharya (2002) 
Gauri and Khaleghian (2002) 
Pande (2003) 

Mother’s Awareness of Immun-
isation 

Mother received ante-natal care (+) 
De and Bhattacharya (2002) 
Nichter (1995) 

Demand: Child Level 

Birth Order 
High birth order (child has higher num-
ber of older siblings) (–) 

Pande (2003) 

Sex of Child Child is girl (–) 
Nichter (1995) 
Pande (2003) 

Source: Own elaboration. 

Notes. Only indicative. (+) / (–) denote positive / negative hypothesised relationship of example to likelihood of child to be 

fully immunised. 

 

 

3.1 Hypotheses 

According to the interviews con-

ducted with programme decision-makers 

and implementers, the impact of the Polio 

Eradication Initiative on routine immunisa-

tion is ambiguous. On the one hand, the 

PEI may raise routine immunisation up-

take as the repeated contact between vac-

cination teams and households stimulates 

demand for routine immunisation. On the 

other hand, the repeated household visits 

to vaccinate against polio may also result 
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in “immunisation fatigue” and curtail de-

mand. In addition, the occupation of health 

workers with up to twelve 6- to 11-day 

polio immunisation rounds per year may 

compromise essential healthcare services 

including routine immunisation. This ar-

gument would especially apply to Uttar 

Pradesh as a state with a high frequency of 

polio eradication rounds. Because of the 

previously established mismatch between 

the formulated and implemented PEI poli-

cy to strengthen routine immunisation, the 

first hypothesis follows the second line of 

argument: 

 

H1: A high intensity of polio eradica-

tion activities has a negative effect 

on children’s probability to receive 

full immunisation. 

 

Proponents of the polio programme 

do not necessarily contest the potentially 

disruptive capacity of polio eradication for 

single routine immunisation sessions. Ra-

ther, they argue that missed vaccinations 

can be easily followed up during subse-

quent routine immunisation sessions. 

Therefore, everything else being equal, the 

second hypothesis poses the following: 

 

H2: The routine immunisation uptake 

of older children is less affected by 

intense polio eradication activities 

because they can catch up on 

missed routine vaccinations. 

 

3.2 Overview of the Statistical Model 

The logistic regression model in 

Equation (1) was estimated to examine 

these hypotheses (see Table 5 for a sum-

mary of the variables). The model assesses 

the association between the immunisation 

status of a child and the number of polio 

immunisation rounds (i.e., 6- to 11-day 

mass campaigns within sub-/national polio 

immunisation days and large-scale mop-up 

campaigns) to which it has been exposed, 

controlling for other determinants of full 

immunisation. 

 

     [ (   )]                

                       
      (1) 
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Table 5. Variables Included in Full Logistic Regression Model. 

Variable / 
Vector 

Variable / Vector Description Included Variables 

Dependent Variable 

P(y = 1) Child’s probability to attain full vaccina-
tion status, ages 10 to 30 month, Uttar 
Pradesh and Bihar 

 Vaccination status ([1] if all vaccines of immunisa-
tion schedule have been received, see Table 5.4 
for the four indices used) 

Independent Variables 

pol Polio round exposure  Number of polio rounds to which the child has 
been exposed throughout her or his life 

CHI Child-level characteristics  Age of child 

 Sex of child 

 Birth order 

MOT Maternal and paternal characteristics  Level of education in years (mother, father) 

 Age of mother at birth 

 Awareness: 
 Possession of vaccination card 
 Received ante- and post-natal care 
 Received advice to vaccinate child 

HH Household-level characteristics  Household size 

 Standard of living index 

 Caste dummy 

 Religion dummy (other than Muslim) 

INF Health system-level characteristics  Rural / urban location dummy 

 District dummy 

INT Interaction terms  Polio round exposure x age of child (POLxAGE) 

 Polio round exposure x survey round (POLxSUR) 

 Polio round exposure x rural / urban (POLxURB) 

CON Other control variables  Survey round dummy 

Source: Own elaboration. 

Notes. Vectors indicated by capitalised italics. Note further that dummy variables of “health system-level characteristics” 

capture effects beyond healthcare, e.g. political and other infrastructural differences. 

 

The immunisation status as de-

pendent variable consists of a binary index 

that assumes the value of 1 if full immun-

isation is attained. The data used for con-

structing this immunisation index is based 

on parent recall and vaccination card in-

formation (Pande, 2003:400-401). Vac-

cines reported in the Indian District Level 

Household and Facility Survey question-

naire (and included in the official Indian 

immunisation schedule) are BCG, OPV, 

DPT, hepatitis B, and measles (MoHFW, 

2002a:7; 2005b:9; 2008:19, 2011b:11). 

The oral polio vaccine (OPV) and hepatitis 

B were excluded from the immunisation 

index used as outcome measure owing to 

potential endogeneity and recall biases 

(OPV) and low coverage (hepatitis B). 

Thus, the dependent variable will be based 

on a narrower immunisation index than 

what the official immunisation schedule 

provides (Table 6). 

The independent variable of princi-

pal interest is the child’s exposure to (or 

number of contacts with) polio immunisa-

tion rounds (pol). This is a child-specific 
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variable, indicating the number of polio 

immunisation rounds (large-scale mop-ups 

and sub-/national immunisation days) to 

which the child has been exposed. This 

exposure differs across children depending 

on their date of birth, the date of the sur-

vey, and the district in which they live (see 

Figure 6 for an illustration). A data set 

containing this information was construct-

ed using publicly available sources. This 

was complemented by policy documents to 

establish historical immunisation patterns 

and interpolate gaps in the immunisation 

maps. Table 7 summarises the underlying 

data according to survey round. 

 

 

Table 6. Immunisation Index Used as Dependent Variables. 

Immunisation 
Index 

BCG  

DPT 1, 2, 3  

Measles  

Hepatitis B  

OPV 1, 2, 3  

Source: Own elaboration. 

Note. Checkmark indicates that vaccine is included in index. 

 

Figure 5. Schematic Depiction of Polio Round Exposure Variable. 

 
Source: Own illustration. 

Notes. For illustrative purposes only. Not based on actual data. 
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Table 7. Summary Statistics of Data Sets for Uttar Pradesh, Children Aged 10 to 30 Months. 

Variable Name Variable Description 

DLHS II (2004) DLHS III (2008) 

N Mean Median Min Max 
Std. 
Dev. 

N Mean Median Min Max 
Std. 
Dev. 

Dependent Variables: Immunisation Indices 

i_index1_dbm Imm. Index (BCG, DPT, Mea.) 17,530 0.27 0 0 1 0.45 18,022 0.32 0 0 1 0.47 

i_index2_dbmh Alternative Index  (BCG, DPT, Mea., HepB) 17,526 0.06 0 0 1 0.23 17,416 0.07 0 0 1 0.25 

i_index3_dbmp Alt. Index (BCG, DPT, Mea., OPV) 17,436 0.27 0 0 1 0.44 16,370 0.33 0 0 1 0.47 

i_index4_dbmph Alt. Index (BCG, DPT, Mea., OPV, HepB) 17,432 0.05 0 0 1 0.23 15,849 0.07 0 0 1 0.25 

Dependent Variables: Memo Items 

ch_BCG Received one dose BCG vaccine 17,714 0.58 1 0 1 0.49 19,606 0.76 1 0 1 0.43 

ch_DPT_3plus Received three or more doses DPT vaccine 17,530 0.37 0 0 1 0.48 18,734 0.39 0 0 1 0.49 

ch_HEP Received one dose HepB vaccine 17,710 0.07 0 0 1 0.26 19,910 0.11 0 0 1 0.31 

ch_MEA Received one dose measles vaccine 17,714 0.35 0 0 1 0.48 19,083 0.49 0 0 1 0.50 

ch_POL_3plus Received three or more doses OPV 17,529 0.36 0 0 1 0.48 17,267 0.44 0 0 1 0.50 

Independent Variables: Exposure to Polio Programme 

pol Child's exposure to no. of polio rounds 17,777 7.81 7 2 15 3.17 20,733 14.69 14 7 24 3.88 

Independent Variables: Child Level 

ch_index Birth order of child 17,778 3.38 3 1 16 2.17 20,733 1.18 1 1 4 0.40 

ch_sex Sex of child (1 = girl) 17,778 0.48 0 0 1 0.50 20,733 0.48 0 0 1 0.50 

ch_age Age in months 17,778 20.14 20 10 30 6.01 20,733 20.11 20 10 30 6.06 

Independent Variables: Maternal (and Paternal) Level 

husb_school Husband's years of schooling 12,196 9.35 9 0 23 3.48 20,627 6.36 8 0 22 5.02 

m_age_at_birth Age of mother in years at birth of child 17,778 24.73 23.8 13.1 43.2 5.61 20,733 24.80 23.9 12.6 43.2 5.43 

m_school
a 

Mother's years of schooling
a
 17,778 2.86 0 0 22 4.54 20,733 3.05 0 0 19 4.48 

m_anc Received ante-natal care 17,315 0.73 1 0 1 0.44 20,183 0.64 1 0 1 0.48 

m_pnc Received post-natal care or assisted delivery 17,324 0.37 0 0 1 0.48 20,183 0.44 0 0 1 0.50 

ch_VACCadv Advice by health staff to vaccinate child 17,697 0.29 0 0 1 0.45 20,690 0.68 1 0 1 0.47 

ch_healc_seen Has and presented vaccination card for child 17,713 0.13 0 0 1 0.34 20,732 0.26 0 0 1 0.44 

ch_healc_notseen Has vaccination card for child (not presented) 17,713 0.26 0 0 1 0.44 20,732 0.30 0 0 1 0.46 
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Variable Name Variable Description 

DLHS II (2002-2004) DLHS III (2007-2008) 

N Mean Median Min Max 
Std. 
Dev. 

N Mean Median Min Max 
Std. 
Dev. 

Independent Variables: Household Level 

hh_size Household size 17,778 8.41 7 2 40 4.16 20,733 7.79 7 2 44 3.73 

hh_SLI_quint Household standard of living (quintiles) 17,778 2.65 2 1 5 1.32 20,733 2.68 2 1 5 1.22 

hh_rel_notmuslim 
Religion of household head: other than Mus-
lim 

17,778 0.81 1 0 1 0.40 20,732 0.81 1 0 1 0.39 

hh_caste_schcaste Caste group: Scheduled caste 17,579 0.23 0 0 1 0.42 20,675 0.22 0 0 1 0.41 

hh_caste_schtribe Caste group: Scheduled tribe 17,579 0.01 0 0 1 0.11 20,675 0.01 0 0 1 0.12 

hh_caste_OBC Caste Group: Other backward class 17,579 0.53 1 0 1 0.50 20,675 0.57 1 0 1 0.50 

hh_caste_general Caste Group: General class 17,579 0.23 0 0 1 0.42 20,675 0.20 0 0 1 0.40 

Independent Variables: Health System Level 

hh_rur_urb Rural / urban dummy (1 = urban) 17,778 0.26 0 0 1 0.44 20,733 0.15 0 0 1 0.36 

district_dummy District dummy (one for each district) 17,778      20,733      

Independent Variables: Other Control Variables 

survey_dummy Survey dummy (1 = DLHS III) 17,778 0         20,733 1         

Independent Variables: Memo Items 

date_CMC 
Date of survey in century month code 17,778 1240.8 1249 1225 1259 11.57 20,733 1298.1 1298 1285 1301 1.34 

(date in years)   2003.4 2004.1 2002.1 2004.9 1.0   2008.2 2008.2 2007.1 2008.4 0.1 

ch_last Last (0) or next-to-last (1) child 17,778 0.13 0 0 1 0.34 20,733 0.14 0 0 1 0.34 

ch_dob_cmc 
Date of birth of child in century month code 17,778 1220.7 1220 1196 1247 12.84 20,733 1278.6 1279 1259 1290 6.21 

(date in years)   2001.7 2001.7 1999.7 2003.9 1.1   2006.5 2006.6 2004.9 2007.5 0.5 

m_age Age of mother at survey in years  17,778 26.41 26 15 44 5.63 20,733 26.48 26 15 44 5.45 

Source: Own elaboration. 

Notes. DLHS III sample adjusted to children aged 10 to 30 months of currently married mothers aged 15 to 45 years. Due to limited historical data on programme intensity, child age in the 

sample had to be capped at 30 months. Health system level excluded because of data quality concerns. A date consisting of a year and a month is converted into the century month code by 

subtracting 1900 from the year and multiplying it with 12, added by the month (this corresponds to the number of months passed since the year 1900). BCG is Bacillus Calmette-Guérin vaccine, 

DPT is diphtheria, pertussis, and tetanus vaccine, Mea. is measles vaccine, OPV is oral polio vaccine, HepB is hepatitis B vaccine. 
aGatekeeper variable included: 0 years is equivalent to mother being illiterate. 
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3.3 Results 

This sub-section reports the results 

of the quantitative analysis. As shorthand, 

a result will be referred to as “significant” 

if the significance level of an estimator’s 

coefficient surpasses the five per cent level 

(i.e., its p-value is below 0.05). The model 

goodness-of-fit was assessed through the 

Pseudo-R² and the Akaike Information 

Criterion. 

3.3.1 Hypothesis 1: Link Between Po-

lio Round Exposure and Immun-

isation Uptake 

The first hypothesis suggested that 

a higher exposure to polio eradication ac-

tivities lowers children’s chances to re-

ceive full immunisation. Table 8 presents 

the results for the regression model using 

Immunisation Index 1 (comprising BCG, 

DPT, and measles vaccines; excluding 

OPV and HepB), This table includes the 

full model (Model 1) and the “restricted” 

model (Model 2; a reduced or nested mod-

el providing the best compromise between 

number of independent variables, ex-

plained model variance, and sample size). 

The main insight from this table is a nega-

tive association between the exposure to 

polio rounds and a child’s odds to be fully 

immunised. 

The main variable of interest (the 

coefficient of the polio round exposure 

variable) is negative and significant at the 

0.1 per cent level. The coefficient of -

0.056 corresponds to a decrease of 5.45% 

in the odds of a child to be fully immun-

ised when exposed to an additional polio 

round, in the presence of the given control 

variables.
4
 For example, increasing the 

exposure from 14 to 15 polio rounds 

would reduce the probability of full im-

                                                 
4
The change in the odds is calculated from 

the coefficient as follows: 1 – e
1*(-0.056)

 = 1 – 0.9455 

= 0.0545 (Hilbe, 2009:76). Note that the odds of an 

event with a probability of success p are 
 

   
. 

munisation from 12.2% to 11.6%, given a 

hypothetical male child at the age of 20 

months in the district of Bareilly, and who 

represents median sample characteristics 

of the DLHS III (see summary statistics 

Table 7). On average across the sample, an 

additional polio round is associated with a 

reduction of 0.83 percentage points in the 

expected probability of attaining full im-

munisation (owing to constant change in 

the odd of full immunisation, the response 

in terms of expected probability is non-

linear across the sample; thus the deviation 

from the preceding example). 

Therefore, Hypothesis 1 cannot be 

rejected because a high exposure to polio 

immunisation rounds is linked to a lower 

attainment of full immunisation. It appears 

that the execution of polio immunisation 

rounds detracts from the service delivery 

capacity in routine immunisation (also 

adverse demand-side effects such as “im-

munisation fatigue” may be at work). In 

terms of the research question, this sug-

gests that the PEI has a negative impact on 

the uptake of other childhood vaccines in 

Uttar Pradesh.
5
 

                                                 
5
The terminology implies a causal rela-

tionship. Appendix D provides indication that cau-

sality runs from polio round exposure to routine 

immunisation performance. 
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Table 8. Full and Restricted Regression Model. 

Variable Name Variable Description 

(1) (2) 

Full Model 
Restricted 

Model 

pol 
Child's exposure to polio 
rounds 

-0.056*** -0.056*** 

(0.010) (0.009) 

ch_index Birth order of child 
-0.045**   

(0.014)   

ch_sex Sex of child (1 = girl) 
-0.123*** -0.139*** 

(0.030) (0.028) 

ch_age Age in months 
0.076*** 0.075*** 

(0.006) (0.005) 

husb_school 
Husband's years of school-
ing 

0.032***   

(0.004)   

m_age_at_birth 
Age of mother in years at 
birth of child 

0.013*** 0.011*** 

(0.003) (0.003) 

m_school 
Mother's years of school-
ing 

0.064*** 0.079*** 

(0.004) (0.004) 

m_anc 
Mother received ante-natal 
care 

0.753*** 0.805*** 

(0.041) (0.038) 

m_pnc 
Mother received post-natal 
care or assisted delivery 

0.181*** 0.183*** 

(0.033) (0.031) 

ch_VACCadv 
Advice by health staff to 
vaccinate child 

0.679*** 0.748*** 

(0.033) (0.031) 

ch_healtc_seen 
Has and presented vac-
cination card for child 

1.875*** 1.877*** 

(0.040) (0.038) 

ch_healtc_notseen 
Has vaccination card for 
child (not presented) 

1.058*** 1.121*** 

(0.036) (0.034) 

hh_size Household size 
0.001   

(0.004)   

hh_SLI_quint 
Household standard of 
living (quintiles) 

0.103*** 0.145*** 

(0.016) (0.014) 

hh_rel_notmuslim 
Religion of household 
head: other than Muslim 

0.336*** 0.372*** 

(0.046) (0.042) 

hh_caste_schedtribe 
Caste group: Scheduled 
tribe 

-0.109 -0.062 

(0.163) (0.146) 

hh_caste_OBC 
Caste Group: Other back-
ward class 

-0.033 -0.027 

(0.039) (0.037) 

hh_caste_general 
Caste Group: General 
class 

0.081 0.105* 

(0.048) (0.046) 

hh_rur_urb 
Rural / urban dummy  
(1 = urban) 

0.153*** 0.110** 

(0.042) (0.039) 

survey_dummy 
Survey dummy  
(1 = DLHS III) 

0.130 0.189** 

(0.082) (0.072) 

Constant Constant 
-4.755*** -4.827*** 

(0.183) (0.166) 

N 28,916 34,327 

Model-df 89 86 

p-Value < 0.001 < 0.001 

Pseudo R² 0.237 0.248 

Akaike Information Criterion 0.970 0.919 

Source: Own estimation. 

Notes. Coefficients reported. Standard errors in parentheses. District dummy variables not displayed. Coefficient values of 

different models cannot be immediately compared due to varying samples. 

*p < 0.05, **p < 0.01, ***p < 0.001.  
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3.3.2 Hypothesis 2: Age-Specific Im-

pact of Polio Round Exposure on 

Immunisation Uptake 

The second hypothesis suggested 

that older children who missed routine 

immunisation in the first place are less 

affected by the polio programme because 

missed routine immunisation sessions are 

easily followed up. This hypothesis is test-

ed by analysing the interaction between 

polio round exposure and the age of the 

child, as shown in Table 9 (POLxAGE). 

Model 3 shows that the sign of the polio 

round exposure variable is reversed com-

pared to the initial results, while the coef-

ficient of the multiplicative interaction 

term is negative and significant at the 0.1 

per cent level. It is important to note that 

the reduced significance level of the polio 

round exposure coefficient from the 0.1 to 

the five per cent level is to be understood 

in connection with the significance level of 

the interaction term: if the POLxAGE in-

teraction term is significant, both interact-

ing variables are significant (Hilbe, 

2009:197). The value of the polio round 

exposure variable corresponds to a 3.78% 

increase in the odds of full immunisation 

at the age of zero months (note that the 

sample contains children aged between 10 

and 30 months and extrapolation beyond 

this range is rather dubious). Because the 

interaction term is negative, this initially 

“positive” effect of a higher polio round 

exposure is diminished for older children. 

The question then is whether, at higher 

ages, the sign of the polio round exposure 

coefficient turns negative; that is, whether 

the polio programme discriminates against 

children at a certain age. If this were the 

case before the age of ten months (i.e., the 

lower bound of the sample), all children in 

the sample would be at a disadvantage, 

with particularly negative effects accruing 

to older children. 

Figure 6 visualises these age-

specific results, including the predicted 

polio round exposure coefficient for Model 

3 in Table 9 (bold line) and the estimates 

for sub-samples that only include the re-

spective age group (i.e., 10 to 30 months; 

bars). The bold red line indicates the re-

sults for the full sample and suggests that 

the polio round exposure coefficient turns 

negative at an age of 12 to 13 months. The 

bars in Figure 6 display the results for sub-

samples of each age group from 10 to 30 

months, showing that the overwhelming 

majority of coefficients are negative (red 

shade) and that 7 out of 21 are significant 

at the five per cent level (dark red shade). 

In line with the results from the full sam-

ple, older children seem to have more of-

ten a significantly lower probability to 

receive full immunisation when exposed to 

an additional polio immunisation round.
6
 

While the polio round exposure coeffi-

cients at each age bracket are to be inter-

preted with caution, the results point to-

wards a distortion of the routine immun-

isation programme, which surprisingly 

seems to discriminate against older chil-

dren (i.e., it compromises their otherwise 

higher chances to be fully immunised).

                                                 
6
Also young children at the age of 11 

months appear to be particularly disadvantaged. 

Without attempting to over-interpret these results, 

this may hint at further non-linearity, which cannot 

be explored further within the scope of this analy-

sis. 
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Table 9. Principal Results of Restricted and Interaction Models. 

Variable Name Variable Description 

(2) (3) 

Restricted 
Model 

POLxAGE 
Interaction 

pol 
Child's exposure to polio 
rounds 

-0.056*** 0.037* 

(0.009) (0.018) 

ch_age Age in months 
0.075*** 0.102*** 

(0.005) (0.007) 

survey_dummy 
Survey dummy  
(1 = DLHS III) 

0.189** 0.053 

(0.072) (0.075) 

POLxAGE 
Impact of child age on polio 
round exposure coefficient

a 
  -0.003*** 

  (0.001) 

N 34,327 34,327 

Model-df 87 88 

p-Value < 0.001 < 0.001 

Pseudo R² 0.248 0.249 

Akaike Information Criterion 0.919 0.918 

Source: Own estimation. 

Notes. Coefficient reported. Standard errors in parentheses. Only main results displayed. 
aSuggested interpretation of interaction term. 

*p < 0.05, **p < 0.01, ***p < 0.001. 

 

 

Figure 6. Relationship Between Polio Round Exposure and Child Age, Uttar Pradesh. 

 
Source: Own illustration, based on estimated results. 

Notes. Coefficients displayed. Full sample results based on Model 3 in Table 5.7. Sub-samples estimated through Model 2 in 

Table 5.7 (slope based on POLxAGE interaction term). Bar graph representing results for sub-samples of age groups (in 

months). Light-shaded bars are point estimates irrespective of significance level, dark-shaded bars with significance level of 

at least five per cent. POLxAGE coefficient significant at the 0.1 per cent level. Sub-sample coefficients not immediately 

comparable due to different samples. 
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In conclusion, it emerges that 

young children are least affected by dis-

ruptions of routine immunisation while 

older children are less likely to receive full 

immunisation when they are exposed to an 

additional polio immunisation round.
7
 This 

suggests that it becomes increasingly diffi-

cult for unimmunised older children to 

catch up on their vaccines. The existing 

evidence thus speaks in favour of rejecting 

Hypothesis H2: the immunisation status of 

older children is more adversely affected 

by a high intensity of polio eradication 

efforts than the vaccine uptake of younger 

children. 

3.4 Summary 

To answer the question about the 

impact of the PEI on the immunisation 

status of children in Uttar Pradesh, the 

quantitative analysis tested two hypothe-

ses. Firstly, a high intensity of the Polio 

Eradication Initiative has a negative im-

pact on routine immunisation uptake in 

Uttar Pradesh (Hypothesis 1). As it was 

found that the PEI adversely affects rou-

tine immunisation uptake, this hypothesis 

was supported. Hypothesis 2 suggested 

that older children are less affected by 

such disruptions in routine immunisation 

because they could catch up soon after the 

missed session. Yet the results show that 

especially older children are negatively 

affected, although less so over time. This 

led to reject Hypothesis 2. Interestingly, 

however, these results appear to be specif-

ic to the case of Uttar Pradesh. Appendix 

A demonstrates that the comparable case 

of Bihar yields contradictory and indeed 

rather positive outcomes of the interaction 

                                                 
7
Analysing a three-way interaction 

(SURxPOLxAGE) shows that the negative effect 

diminishes over time and an increasing group of 

young children may in fact benefit from the pro-

gramme. However, also in the second survey 

round, the majority of children in the sample re-

mains disadvantaged when exposed to a higher 

number of polio rounds. See Appendix B. 

between the PEI and routine immunisa-

tion. 

In sum, the statistical findings con-

vey that the Polio Eradication Initiative 

detracts from routine immunisation per-

formance in Uttar Pradesh (for robustness 

tests, see Appendix C). This provides fur-

ther support that the PEI routine immun-

isation strengthening policy and its out-

comes are incongruent. The outcomes for 

older children suggest exacerbated exclu-

sion of already marginalised groups (at 

least as far as immunisation uptake is con-

cerned). 

4 Discussion and Conclusion (1285) 

This paper set out to investigate the 

interactions between global health inter-

ventions and country health systems, using 

the case example of the Polio Eradication 

Initiative (PEI) in Uttar Pradesh, India’s 

most populous state that continues to carry 

out polio immunisation activities with high 

intensity. Qualitative and quantitative 

analysis has yielded the insight that the 

PEI’s policy to strengthen routine immun-

isation diverges from its actual implemen-

tation. Quantitative analysis of household-

level survey data has demonstrated that the 

seemingly incongruent translation of poli-

cies into action is to the detriment routine 

immunisation attainment among children 

in Uttar Pradesh. But why, if guidelines 

are indeed ambiguous, does polio eradica-

tion dominate routine immunisation 

strengthening, rather than the other way 

round? 

One explanation is the empower-

ment of the National Polio Surveillance 

Project (NPSP) in PEI programme govern-

ance through the techno-centric regime of 

knowledge in the Indian health policy. The 

implementation of the PEI (and, conse-

quently, its routine immunisation strength-

ening policy) is strongly governed by “da-

ta” and “evidence,” which is characteristic 

of the general observation of “techno-

centric” approaches to health in India (Jef-
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fery, 1996:285; John and White, 2003:173; 

Quadeer, 2005:91; Sathyamala and Mittal, 

2006:284; Saxena, 2006:178-179). By col-

lecting the epidemiological data that 

guides strategic decisions, the NPSP plays 

a nodal role in the governance of the PEI 

(MoHFW, 2005a:14, 16). Two former dis-

trict-level Surveillance Medical Officers 

exemplify this. One argues, “They [NPSP] 

are […] manipulating decisions by pres-

suring the CMO [Chief Medical Officer] 

with figures,” the other adds, “The NPSP 

is known for data, for a lot of monitoring, 

which is why they are powerful.” These 

views imply a high degree of power as 

principal institution for data collection, 

maintenance, and communication. 

This powerful position appears to 

be sustained by the high level of staff ex-

change between the NPSP and the Minis-

try of Health and Family Welfare, helping 

the NPSP develop a network of like-

minded “graduates” in the health admin-

istration. Besides, Sheikh and Porter 

(2011:87) propose that, in the health sector 

of India, views from medical doctors are 

more accepted than the voices of “outsid-

ers” without medical training. Their medi-

cal training thus seems to enable NPSP 

Surveillance Medical Officers to become 

more easily accepted by health officials 

than their UNICEF counterparts. Hence, 

with the NPSP maintaining the knowledge 

about the programme implementation, it is 

able to communicate the perceived “truth” 

and “relevant facts” of implementing the 

Polio Eradication Initiative, including its 

routine immunisation strengthening com-

ponent. 

This can be problematic as the 

NPSP remains focused on its principal 

mandate of polio eradication. The central-

level Deputy Commissioner for Immunisa-

tion describes the operational constraints 

of the NPSP as follows: “They [the NPSP] 

have the mandate to work on polio eight 

hours a day and this is what they report. 

Clearly, this is their priority. You cannot 

have them just work on routine immunisa-

tion.” The Uttar Pradesh State Immunisa-

tion Officer expresses this more critically, 

arguing that, “The NPSP is not doing 

much for [routine immunisation, …] their 

mandate could be expanded.” This is not to 

suggest that the NPSP is not involved in 

routine immunisation. In fact, it has con-

tributed to operational improvements 

through the integration of micro-planning 

approaches, routine immunisation moni-

toring and surveillance support, and 

through external checks against corruption 

in routine immunisation (GoI, 2004:15; 

Haldar, 2011:16-25; Pradhan, 2010; Inter-

view with the Joint Director at the Uttar 

Pradesh state health department). Howev-

er, because their principal mandate is polio 

eradication, routine immunisation support 

is still considered an additional task that 

cannot be fully pursued within the scope of 

the existing programme implementation 

approach. 

Therefore, the disproportionate in-

fluence of the NPSP on PEI programme 

governance can potentially undermine the 

broad concern of the IEAG for supporting 

the routine immunisation programme. As 

the data to inform and evaluate the PEI’s 

strategic decisions originates from the 

NPSP, the interpretation of what consti-

tutes “acceptable” knowledge in the sphere 

of routine immunisation strengthening 

rests largely with a single institution. With 

a principal mandate that focuses on polio 

eradication and an operational interpreta-

tion of RI strengthening that emphasises 

routine oral polio vaccine delivery, there is 

indication that such a rigid evidence base 

entails a “pro-evidence bias” towards polio 

eradication rather than routine immunisa-

tion strengthening. This relates, for exam-

ple, to the NPSP’s inability to perceive the 

distinct imbalances in the fields of finan-

cial resource allocation and vaccine deliv-

ery logistics in routine immunisation, 

which introduces rigidities in what other-

wise are positive programme governance 

spillovers from polio eradication to routine 

immunisation. 
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Therefore, and in line with past po-

litical economy analyses (Saxena, 

2009:109), the Polio Eradication Initiative 

appears to disproportionately value tech-

nical inputs, thereby subordinating other 

regimes of knowledge and creating a natu-

ral impediment to exploring the “unknown 

unknowns” of programme implementation 

(see Pawson et al., 2011:541-543). In order 

to overcome these challenges, the expand-

ed role of the NPSP in routine immunisa-

tion (despite its contributions to pro-

gramme management) needs to be bal-

anced by non-technical advisory from oth-

er programme stakeholders. The fieldwork 

suggests that non-technical elements may 

emphasise, for example, strategic pro-

gramme decision-making on questions 

such as human resource management in 

routine immunisation delivery (see 

Haenssgen, 2012 for an analysis). That 

such a move would be feasible and desira-

ble is confirmed by John (2010:A90), a 

member of India’s National Technical Ad-

visory Group on Immunisation (NTAGI, 

the technical advisory body for routine 

immunisation), who recently called for an 

inclusion of human resource issues into the 

technical discourse of the NTAGI. Such a 

shift away from the primacy of technical 

knowledge would require a stronger voice 

of non-technical stakeholders such as re-

cipient communities and could help pro-

gramme managers to revisit their optimis-

tic assumptions on the efficacy of existing 

strategies in improving the operations of 

routine immunisation. If it is misperceived 

that the Polio Eradication Initiative is neu-

tral or beneficial to routine immunisation 

simply because vaccines could easily be 

followed up, this may be a considerable 

obstacle to realising improvements and 

actually exploiting synergies between the 

programmes. 

At the same time, the NPSP cannot 

be fully held responsible for the patterns 

observed in the data, as the case of Bihar 

demonstrates more encouraging results. 

Operational differences exist in the execu-

tion of supplementary immunisation ac-

tivities for polio eradication across both 

states (Grassly et al., 2009:17-18). Howev-

er, owing to an equally high intensity of 

eradication efforts, this does not seem to 

explain such contrasting outcomes. In-

stead, a number of informants highlighted 

the extraordinary “political commitment” 

of the Bihar state and health administra-

tion, commending Bihar’s recent routine 

immunisation development as a “good-

practice” example worth studying. Clearly, 

such a “political will” variable is impossi-

ble to capture with the data at hand, but 

these anecdotes underscore the potential 

role of state-specific factors in influencing 

the degree of synergy and interference 

between the two programmes.  

The heterogeneous results across 

Uttar Pradesh and Bihar thus invite further 

examination of the state-specific determi-

nants of programme interaction. It appears 

that the experience of Bihar bears valuable 

lessons on seizing synergies between the 

PEI and UIP, including the role of “politi-

cal will” in achieving coherent implemen-

tation of health programme policies. Mod-

elling such political determinants in a 

cross-state or cross-country study could 

contribute to understanding factors of suc-

cess or failure of global health interven-

tions. Besides, it is worth exploring 

whether the PEI affects components of the 

Indian health system that are not thought 

to be intrinsically synergetic with the pro-

gramme. For example, antenatal care is 

provided by the same frontline implement-

ers as routine immunisation (i.e., nurses), 

yet polio programme policies neglect this 

interaction. Juxtaposing such an analysis 

against the results for routine immunisa-

tion attainment would vastly enrich our 

capacity to map the positive and adverse 

interaction effects of large-scale mass im-

munisation campaigns with the health sys-

tem at large. This would also help under-

stand whether the observed synergies in 

Bihar extend beyond the strategic link be-

tween the Polio Eradication Initiative and 

routine immunisation. 



Marco Haenssgen  Page 26 

References 

Agresti, A., & Finlay, B. (2009). 

Statistical methods for the social 

sciences (4th ed.). Upper Saddle River: 

Pearson Prentice Hall. 

Akaike, H. (1974). A new look at the 

statistical model identification. IEEE 

Transactions on Automatic Control, 

19(6), 716-723. 

Anand, S., & Bärnighausen, T. (2007). 

Health workers and vaccination 

coverage in developing countries: an 

econometric analysis. The Lancet, 

369(9569), 1277-1285. 

Babu, G. R., Singh, V. V., Nandy, S., Jana, 

S., Sathyanarayana, T. N., & Sadhana, 

S. M. (2011b). Supportive supervision 

and immunization coverage: evidence 

from India. The Internet Journal of 

Epidemiology, 9(2). 

Balabanova, D., McKee, M., Mills, A., 

Walt, G., & Haines, A. (2010). What 

can global health institutions do to help 

strengthen health systems in low 

income countries? [Electronic version]. 

Health Research Policy and Systems, 

8(22). doi:10.1186/1478-4505-8-22 

Bhattacharya, S., & Dasgupta, R. (2009). 

A tale of two global health programs: 

smallpox eradication’s lessons for the 

antipolio campaign in India. American 

Journal of Public Health, 99(7), 1176-

1184. 

Biesma, R., Brugha, R., Harmer, A., 

Walsh, A., Spicer, N., & Walt, G. 

(2009). The effects fo global health 

initiatives on country health systems: a 

review of the evidence from HIV/AIDS 

control. Health Policy and Planning, 

24(4), 239-252. 

Cavalli, A., Bamba, S. I., Traore, M. N., 

Boelaert, M., Coulibaly, Y., Polman, 

K., et al. (2010). Interactions between 

global health initiatives and country 

health systems: the case of a neglected 

tropical diseases control program in 

Mali. Public Library of Science 

Neglected Tropical Diseases, 4(8), 

e798. 

CCHFW [Central Council of Health and 

Family Welfare]. (2009). Tenth 

conference of Central Council of Health 

and Family Welfare: proceedings and 

resolutions / decisions taken. New 

Delhi: Government of India. 

Dasgupta, R. (2006). Hepatitis B 

vaccination strategies in India: 

questionable evidence and powerful 

market sources. In S. Prasad & C. 

Sathyamala (Eds.), Securing health for 

all: dimensions and challenges (pp. 

289-300). New Delhi: Institute for 

Human Development. 

Datar, A., Mukherji, A., & Sood, N. 

(2007). Health infrastructure & 

immunization coverage in rural India. 

Indian Journal of Medical Research, 

125(1), 31-42. 

De, P., & Bhattacharya, B. N. (2002). 

Determinants of child immunization in 

four less-developed states of North 

India. Journal of Child Health Care, 

6(1), 34-50. 

Deaton, A. (1995). Data and econometric 

tools for development analysis. In J. 

Behrman & T. N. Srinivasan (Eds.), 

Handbook of development economics 

(Vol. III, pp. 1785-1882). Amsterdam: 

Elsevier. 

Department of Administrative Reforms & 

Public Grievances. (n.d.). Pulse Polio 

Immunization (PPI), India. Retrieved 

May 12, 2011, from Governance 

Knowledge Centre Web page: 

http://indiagovernance.gov.in/download

.php?filename=files/pulse_ 

polio_immunization_india.pdf 

Gauri, V., & Khaleghian, P. (2002). 

Immunization in developing countries: 

its political and organizational 

determinants [World Bank Policy 

Research Working Paper No. 2769]. 

Washington, D.C.: World Bank. 



Marco Haenssgen  Page 27 

GoI [Government of India]. (2004). 

Universal immunization programme 

review. New Delhi: Author. 

GoI. (2010, May 7). Approval of state 

programme implementation plan of 

NRHM for the year 2010-2011. [F. No. 

10(18) / 2010-NRHM-I]. Retrieved 

May 16, 2011, from National Rural 

Health Mission Web page: http://164. 

100.52.110/NRHM/ROP_10_11/UP/R

OP_UP.pdf 

GoI. (2011a). Census of India 2011: 

administrative atlas of India. New 

Delhi: Office of the Registrar General 

& Census Commissioner. 

Grassly, N., LaForce, M., Modlin, J., 

Murthy, N., Rohde, J., Sarma, N., et al. 

(2009). Independent evaluation of 

major barriers to interrupting poliovirus 

transmission in India. Geneva: World 

Health Organisation. 

Greene, W. H. (2008). Econometric 

analysis (6th ed.). Upper Saddle River: 

Pearson. 

Haenssgen, M. (2012). Analysing the 

Impact of the Polio Eradication 

Initiative on Routine Immunisation in 

Uttar Pradesh, India. (Unpublished 

M.Phil. thesis). University of Oxford, 

Oxford. 

Haldar, P. (2011, July). Routine 

immunization: recent initiatives and 

progress in high risk areas [PowerPoint 

slides]. Presented at the 23rd India 

Expert Advisory Group meeting, New 

Delhi, India. Retrieved December 15, 

2011, from Social Mobilisation 

Network Web page: http://www. 

socialmobilisation.net/data/IEAG/DAY

_I/SESSION_3/DrPradeepHaldar.ppt 

Hilbe, J. M. (2009). Logistic regression 

models. London: Chapman & Hall. 

IEAG [India Expert Advisory Group]. 

(2001). Fourth meeting of experts for 

polio eradication. New Delhi: Author. 

IEAG. (2002). Sixth meeting of the India 

Expert Advisory Group for polio 

eradication. Lucknow: Author. 

IEAG. (2003a). The eighth meeting of the 

India Expert Advisory Group for polio 

eradication. Kolkata: Author. 

IEAG. (2003b). The ninth meeting of the 

India Expert Advisory Group for polio 

eradication. New Delhi: Author. 

IIPS [International Institute for Population 

Sciences]. (2005). Facility survey 

(under Reproductive and Child Health 

Project): Phase – II, 2003: India. 

Mumbai: Author. 

IIPS. (2006). Reproductive and child 

health: district level household survey 

2002-04: India. Mumbai: Author. 

IIPS. (2010a). District level household and 

facility survey (DLHS-3), 2007-08: 

India. Mumbai: Author. 

Jafari, H. (2008, January). Increasing and 

strengthening human resources for 

surveillance [PowerPoint slides]. 

Presented at the Prince Mahidol Award 

Conference 2008: Three Decades of 

Primary Health Care: Reviewing the 

Past and Defining the Future, Bangkok, 

Thailand. Retrieved December 15, 

2011, from http://www.pmaconference. 

mahidol.ac.th/index.php?option=com_d

ocman&task=doc_download&gid=36&

Itemid= 

Jeffery, R. (1996). Towards a political 

economy of health care: comparisons of 

India and Pakistan. In M. Das Gupta, L. 

C. Chen & T. N. Krishnan (Eds.), 

Health, poverty and development in 

India (270-294). Delhi: Oxford 

University Press. 

John, T. J. (2010). India's National 

Technical Advisory Group on 

Immunisation. Vaccine, 28(Suppl. 1), 

A88-A90. 

John, T. J., & White, F. (2003). Public 

health in South Asia. In R. Beaglehole 

(Ed.), Global public health: a new era 

(pp. 172-190). Oxford: Oxford 

University Press. 

Lal, R. (2011, July). Update on progress in 

66 HR blocks & other initiatives: Uttar 

Pradesh [PowerPoint slides]. Presented 



Marco Haenssgen  Page 28 

at the 23rd India Expert Advisory 

Group meeting, New Delhi, India. 

Retrieved December 15, 2011, from 

Social Mobilisation Network Web 

page: http://www.socialmobilisation.net 

/data/IEAG/DAY_I/SESSION_3/Dr.Ra

mjiLalUP.ppt 

Laxminarayan, R., & Ganguly, N. K. 

(2011). India’s vaccine deficit: why 

more than half of Indian children are 

not fully immunized, and what can—

and should—be done. Health Affairs, 

30(6), 1096-1103. 

Litsios, S. (2008). The third ten years of 

the World Health Organization: 1968-

1977. Geneva: World Health 

Organisation. 

McFadden, D. (1974). Conditional logit 

analysis of qualitative choice behavior. 

In P. Zarembka (Ed.), Frontiers in 

econometrics (pp. 105-142). New York: 

Academic Press. 

MoHFW [Ministry of Health and Family 

Welfare]. (2002a). Introduction of 

hepatitis B vaccine in the Universal 

Immunization Programme: operations 

guide for program managers. New 

Delhi: Author. 

MoHFW. (2002b). National health policy 

– 2002. New Delhi: Author. 

MoHFW. (2005a). National program 

implementation plan RCH phase II: 

program document. New Delhi: Author. 

MoHFW. (2005b) Universal immunization 

programme: multi year strategic plan 

2005-2010. New Delhi: Author. 

MoHFW. (2008). Immunization handbook 

for medical officers. New Delhi: 

Author. 

MoHFW. (2011a). Annual report 2010-11. 

New Delhi: Author. 

MoHFW. (2011b). Immunization 

handbook for health workers [rev. ed.]. 

New Delhi: Author. 

MoHFW. (2011c). National vaccine 

policy. New Delhi: Author. 

Nath, B., Singh, J. V., Awasthi, S., 

Bhushan, V., Kumar, V., & Singh, S. K. 

(2007). A study on determinants of 

immunization coverage among 12-23 

months old children in urban slums of 

Lucknow district, India. Indian Journal 

of Medical Sciences, 61(11), 598-606. 

Nichter, M. (1995). Vaccinations in the 

third world: a consideration of 

community demand. Social Science & 

Medicine, 41(5), 617-632. 

NPSP [National Polio Surveillance 

Project]. (2005). Field guide: 

surveillance of acute flaccid paralysis 

(3rd ed.). New Delhi: Author. 

NPSP. (2006). Operational guide for Pulse 

Polio Immunization in India. New 

Delhi: Author. 

NPSP. (2011). National Polio Surveillance 

Project. Retrieved May 19, 2011, from 

National Polio Surveillance Project 

Web page: http://www.npspindia.org 

NRHM. (2008). Uttar Pradesh: record of 

proceedings for approval of NRHM 

program implementation plans 2008-09. 

Lucknow: Government of India. 

NRHM. (2010). Project implementation 

plan 2010-11, Uttar Pradesh. Lucknow: 

Government of India. 

NRHM. (2011b). Project implementation 

plan 2011-12, Uttar Pradesh. Lucknow: 

Government of India. 

NRHM. (2011c). State wise progress as on 

30.09.11 [Data file]. New Delhi: 

Government of India. 

Pande, R. P. (2003). Selective gender 

differences in childhood nutrition and 

immunization in rural India: the role of 

siblings. Demography, 40(3), 395-418. 

Pawson, R., Wong, G., & Owen, L. 

(2011). Known knowns, known 

unknowns, unknown unknowns: the 

predicament of evidence-based policy. 

American Journal of Evaluation, 32(4), 

518-546. 

Phukan, R. K., Barman, M. P., & Mahanta, 

J. (2009). Factors associated with 

immunization coverage of children in 



Marco Haenssgen  Page 29 

Assam, India: over the first year of life. 

Journal of Tropical Pediatrics, 55(4), 

249-252. 

Planning Commission. (2008). Eleventh 

five year plan: 2007-2012 (Vol. II). 

New Delhi: Government of India. 

Pradhan, S. K. (2010). Time to revamp the 

universal immunization program in 

India. Indian Journal of Public Health, 

54(2), 71-74. 

Qadeer, I. (2005). Continuities and 

discontinuities in public health: the 

Indian experience. In A. K. Bagchi & 

K. Soman (Eds.), Maladies, preventives 

and curatives: debates in public health 

in India (pp. 79-95). New Delhi: Tulika. 

Sathyamala, C., & Mittal, O. (2006). Polio 

Eradication Initiative: at what cost?. In 

S. Prasad & C. Sathyamala (Eds.), 

Securing health for all: dimensions and 

challenges (pp. 223-286). New Delhi: 

Institute for Human Development. 

Saxena, K. B. (2006). Governance and the 

health sector. In S. Prasad & C. 

Sathyamala (Eds.), Securing health for 

all: dimensions and challenges (pp. 

163-222). New Delhi: Institute for 

Human Development. 

Saxena, S. (2009). Health policy 

discourses in developing countries: the 

case of Poliomyelitis Eradication 

Initiative in India. (Unpublished M.Phil. 

thesis). University of Oxford, Oxford. 

Sheikh, K., & Porter, J. D. (2011). 

Disempowered doctors? A relational 

view of public health policy 

implementation in urban India. Health 

Policy and Planning, 26(1): 83-92. 

UNCIEF [United Nations Children's 

Fund]. (2008). National cold chain 

assessment. New Delhi: Author. 

UNICEF. (2010). The accelerated plan for 

the 66 high risk blocks in Uttar Pradesh: 

June 2010. Lucknow: UNICEF 

Lucknow Field Office. 

UNICEF. (2011). The polio Social 

Mobilisation Network (SmNet) in 

support of polio eradication in 

identified HRAs of Uttar Pradesh. 

Lucknow: UNICEF Lucknow Field 

Office. 

WHA [World Health Assembly]. (1988). 

Forty-first World Health Assembly: 

global eradication of poliomyelitis by 

the year 2000 [WHA Resolution 41.28]. 

Retrieved June 20, 2011, from Global 

Polio Eradication Initiative Web page: 

http://www.polioeradication.org/ 

Resourcelibrary/Declarationsandresolut

ions.aspx 

White, H. (1980). A heteroskedasticity-

consistent covariance matrix estimator 

and a direct test for heteroskedasticity. 

Econometrica, 48(4), 817-838. 

WHO. (2011d). Routine immunization in 

India. Retrieved May 15, 2011, from 

World Health Organisation Web page: 

http://www.whoindia.org/en/Section6/S

ection284/Section286_506.htm 

WHO. (2011e). Global Polio Eradication 

Initiative: strategic plan 2010-2012. 

Geneva: Author. 

WHO MPSCG [WHO Maximizing 

Positive Synergies Collaborative 

Group]. (2009). An assessment of 

interactions between global health 

initiatives and country health systems. 

The Lancet, 373(9681), 2137-2169. 

Wooldridge, J. M. (2010). Econometric 

analysis of cross section and panel data 

(2nd ed.). Cambridge, M.A.: MIT Press. 

Yewale, V., Choudhury, P., & Thacker, N. 

(2011). IAP guidebook on 

immunization 2009-2011. Mumbai: 

Indian Academy of Pediatrics 

Committee on Immunization. 

 

  



Marco Haenssgen  Page 30 

Appendix A: Replicability of Results in 

Bihar 

The statistical analysis draws a ra-

ther negative picture regarding the impact 

of the Polio Eradication Initiative on the 

performance of routine immunisation in 

Uttar Pradesh, but it is not clear whether 

this is generalizable to other regions. Inter-

estingly, the case of Bihar does not appear 

to replicate the Uttar Pradesh experience. 

Table A.1 compares the main results of the 

logistic regression model for Uttar Pradesh 

and Bihar (detailed results in Appendix B). 

Whereas most control variables have the 

same sign and significance level as in Ut-

tar Pradesh (not shown), the results relat-

ing to the exposure to polio immunisation 

rounds are rather contradictory. For exam-

ple, rather than reducing the odds of full 

immunisation by 5.45% in the case of Ut-

tar Pradesh, exposure to an additional po-

lio round raises the odds by 4.3% in Bihar 

(Models 2 and 5). This translates, on aver-

age, into a 0.83 percentage point decrease 

(Uttar Pradesh) and a 0.63 percentage 

point increase (Bihar) in the expected 

probability of receiving full immunisation 

with every additional polio immunisation 

round. Therefore, children in Bihar appear 

to have a higher probability of vaccination 

uptake when exposed to more polio im-

munisation rounds. 

The case of Bihar further indicates 

that the magnitude of the (seemingly posi-

tive) impact of an additional polio round 

becomes smaller for older children (com-

paring Models 3 and 6). Figure A.1 illus-

trates the predicted polio round exposure 

coefficients from the full sample, and the 

results for sub-samples of each age group. 

The red line and red-framed bars are the 

results for Uttar Pradesh, identical to Fig-

ure 5.3 above (recall that the polio round 

exposure coefficient is predicted to turn 

negative between 12 and 13 months of age 

and that most significantly negative results 

occur among older children). For compari-

son, the green line and the green-framed 

bars in this figure present the results for 

Bihar. Although the results for individual 

age groups are less often statistically sig-

nificant than the results in Uttar Pradesh 

(smaller sample sizes may play a role), still 

more than 90% of the groups have positive 

point estimates (green-framed bars with 

green shade). The comparison of the esti-

mated results based on the full sample (i.e., 

the red and the green line) is even more 

striking. Starting from a higher level, the 

impact of an additional polio round on the 

probability of attaining full immunisation 

status in Bihar remains positive for all age 

groups. Although older children benefit 

less from an additional polio immunisation 

round in Bihar, they still benefit in terms 

of increased odds of receiving full immun-

isation. 

In brief, the results of the PEI’s 

impact on routine immunisation uptake in 

Uttar Pradesh cannot be replicated in the 

state of Bihar (which also suggests that the 

estimation strategy is capable of revealing 

heterogeneous programme interaction 

across different regions). Therefore, the 

negative impact of the PEI on routine im-

munisation in Uttar Pradesh need not be a 

representative case for regions with a high 

intensity of polio eradication activities. 
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Table A.1. Comparison of Key Model Results in Uttar Pradesh and Bihar. 

Variable 
Name 

Variable Description 

Uttar Pradesh Bihar 

(2) (3) (4) (5) (6) (7) 

Restricted 
Model 

POLxAGE 
Interaction 

SURxPOLx
AGE Inter-

action 

Restricted 
Model 

POLxAGE 
Interaction 

SURxPOLx
AGE Inter-

action 

pol 
Child’s exposure to polio 
rounds 

-0.056*** 0.038* 0.100*** 0.042*** 0.119*** 0.176*** 

(0.009) (0.018) (0.020) (0.01) (0.02) (0.023) 

ch_age Age in months 
0.075*** 0.102*** 0.140*** 0.026*** 0.054*** 0.082*** 

(0.005) (0.007) (0.009) (0.006) (0.009) (0.011) 

survey_ 
dummy 

Survey dummy  
(1 = DLHS III) 

0.189** 0.051 -0.396*** 0.463*** 0.364*** -0.085 

(0.071) (0.075) (0.100) (0.082) (0.085) (0.121) 

POLxAGE 
Impact of child age on 
polio round exposure

a 
  -0.003*** -0.008***  -0.003*** -0.007*** 

  (0.001) (0.001)  (0.001) (0.001) 

SURxPOLx
AGE 

Impact of survey on 
POLxAGE

a
 

    0.002***   0.002*** 

    (0.000)   (0.000) 

N 34,327 34,327 34,327 20,525 20,525 20,525 

Source: Own estimation. 

Notes. Coefficients reported. Standard errors in parentheses. Only main results displayed. Coefficient values of different 

models cannot be immediately compared due to varying samples. 
aSuggested interpretation of interaction term. 

*p < 0.05, **p < 0.01, ***p < 0.001. 

 

 

 

Figure A.1. Relationship Between Polio Round Exposure and Child Age, Uttar Pradesh and 

Bihar. 

 
Source: Own illustration. 

Notes. Coefficients displayed. Full sample results for Uttar Pradesh based on Model 3 in Table 5.9, sub-samples estimated 

through Model 2 (slope based on POLxAGE interaction term). Full sample results for Bihar based on Model 6 in Table 5.9, 

sub-samples estimated through Model 5. Bar graph representing results for sub-samples of age groups (in months). Light-

shaded bars are point estimates irrespective of significance level, dark-shaded bars with significance level of at least five per 

cent. POLxAGE coefficients for both states significant at the 0.1 per cent level. Sub-sample coefficients not immediately 

comparable due to different samples.  
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Appendix B: Detailed Results of Quanti-

tative Analysis 

This appendix presents the full re-

sults that lead to the findings presented in 

Section 3. Table B.1 depicts the full model 

and a selection of its nested variants. The 

Pseudo-R² and the Akaike Information 

Criterion (AIC) were used to assess the 

goodness-of-fit among various models. 

The Pseudo-R² measure compares the like-

lihood of the estimated model with the 

likelihood of a model that only includes a 

constant term, whereby higher values indi-

cate a better model fit (Hilbe, 2009:244-

245; McFadden, 1974:121). Conversely, a 

lower absolute AIC corresponds to a high-

er goodness-of-fit, here defined as the like-

lihood of the estimated model to produce 

true predictions, adjusted by the number of 

regressors and the sample size (Akaike, 

1974:719; Hilbe, 2009:259-260). Accord-

ing to these tests, Model 3 of those depict-

ed in Table B.1 represents the best fit to 

the underlying sample. 

Table B.2 presents the interaction 

results. Models only including the interac-

tions between polio round exposure and 

the survey round (POLxSUR) and between 

polio round exposure and the location of 

the household (POLxURB) do not show 

significant effects. In contrast, the POLx-

AGE and the SURxPOLxAGE interactions 

are statistically significant and improve 

model fitness. An URBxPOLxAGE interac-

tion term (not shown) could not produce 

comparable results. Drawing on the 

SURxPOLxAGE interaction, Figure B.1 

illustrates the predicted probability of full 

immunisation as it varies by polio rounds, 

child age, and survey round. 

 Table B.3 sub-divides the sample 

into age groups. This corresponds to as-

sessing the interaction between polio 

round exposure and the age of the child, 

showing that all seven significant pol coef-

ficients are negative, and that the vast ma-

jority of pol point estimates are negative as 

well (28 out of 31 estimates). 

Appendix D explores the possibil-

ity of reverse causality, examining 

amongst others the model results for dis-

tricts with low routine immunisation cov-

erage. Tables B.4 to B.6 present detailed 

model results for these districts. To arrive 

at the bottom quintile, the districts were 

ranked according to their average immun-

isation coverage in the DLHS II, in the 

DLHS III, or across both surveys using the 

pooled sample. Eight different sets of 

“low-coverage” districts were selected, 

using Immunisation Index 1-coverage of 

children aged 10 to 30 month per district. 

For robust results, the same procedure was 

repeated, applying sample weights to the 

average immunisation coverage estimates, 

yielding four additional sets of “bottom-

quintile” districts (indicated as “weighted,” 

see Appendix D for details). The data 

demonstrate that the results can be repli-

cated for a sub-sample only comprising the 

bottom-quintile immunisation coverage 

districts, given eight different interpreta-

tions of which districts the “bottom quin-

tile” comprise. 

Model results for Bihar are report-

ed in Tables B.7 and B.8. The restricted 

and interaction models in Table B.7 indi-

cate a more favourable relationship be-

tween polio intensity and full immunisa-

tion uptake. This also holds in the presence 

of interaction effects, whereby the rela-

tionship between the pol coefficient and 

the interaction terms suggests that negative 

effects only apply to a small portion of the 

sample. Similarly, the age-stratified results 

for the Bihar sample show that all signifi-

cant results and the majority of the remain-

ing point estimates are positive.  
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Table B.1. Selection of Regression Models, Uttar Pradesh. 

Model No. (1) (2) (3) (4) (5) 

Model Description Full Model 
 

Restricted 
Model 

  

pol 
-0.056*** -0.057*** -0.056*** -0.055*** -0.044*** 

(0.010) (0.010) (0.009) (0.009) (0.009) 

ch_index 
-0.045**         

(0.014)         

ch_sex 
-0.123*** -0.123*** -0.139*** -0.142*** -0.168*** 

(0.030) (0.030) (0.028) (0.028) (0.027) 

ch_age 
0.076*** 0.076*** 0.075*** 0.074*** 0.053*** 

(0.006) (0.006) (0.005) (0.005) (0.005) 

husb_school 
0.032*** 0.032***       

(0.004) (0.004)       

m_age_at_birth 
0.013*** 0.009** 0.011***     

(0.003) (0.003) (0.003)     

m_school 
0.064*** 0.066*** 0.079*** 0.080*** 0.097*** 

(0.004) (0.004) (0.004) (0.004) (0.003) 

m_anc 
0.753*** 0.753*** 0.805*** 0.820*** 1.027*** 

(0.041) (0.041) (0.038) (0.038) (0.036) 

m_pnc 
0.181*** 0.183*** 0.183***     

(0.033) (0.032) (0.031)     

ch_VACCadv 
0.679*** 0.683*** 0.748*** 0.757*** 0.892*** 

(0.033) (0.033) (0.031) (0.031) (0.030) 

ch_healtc_seen 
1.875*** 1.878*** 1.877*** 1.881***   

(0.040) (0.040) (0.038) (0.038)   

ch_healtc_notseen 
1.058*** 1.062*** 1.121*** 1.122***   

(0.036) (0.036) (0.034) (0.034)   

hh_size 
0.001         

(0.004)         

hh_SLI_quint 
0.103*** 0.107*** 0.145*** 0.151*** 0.181*** 

(0.016) (0.015) (0.014) (0.014) (0.013) 

hh_rel_notmuslim 
0.336*** 0.339*** 0.372*** 0.368*** 0.487*** 

(0.046) (0.046) (0.042) (0.042) (0.040) 

hh_caste_schedtribe 
-0.109 -0.101 -0.062 -0.068 -0.125 

(0.163) (0.163) (0.146) (0.145) (0.139) 

hh_caste_OBC 
-0.033 -0.030 -0.027 -0.022 -0.030 

(0.039) (0.039) (0.037) (0.037) (0.035) 

hh_caste_general 
0.081 0.084 0.105* 0.127** 0.128** 

(0.048) (0.048) (0.046) (0.046) (0.044) 

hh_rur_urb 
0.153*** 0.152*** 0.110** 0.138*** 0.150*** 

(0.042) (0.042) (0.039) (0.039) (0.037) 

survey_dummy 
0.130 0.219** 0.189** 0.192** 0.359*** 

(0.082) (0.077) (0.072) (0.071) (0.068) 

Constant 
-4.755*** -4.786*** -4.827*** -4.521*** -3.750*** 

(0.183) (0.182) (0.166) (0.150) (0.141) 

N 28,916 28,916 34,327 34,327 34,328 

k 90 88 87 85 83 

df 89 87 86 84 82 

p-Value < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 

Pseudo R² 0.237 0.236 0.248 0.247 0.182 

AIC 0.970 0.970 0.919 0.920 0.999 

Source: Own estimation. 

Notes. Coefficients reported. Standard errors in parentheses. District dummy variables not displayed. 

*p < 0.05, **p < 0.01, ***p < 0.001.  
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Table B.2. Results for Restricted and Interaction Models, Uttar Pradesh. 

Model No. (3) (4) (5) (6) (7) 

Model Description 
Restricted 

Model 
POLxAGE 
Interaction 

POLxSUR 
Interaction 

POLxURB 
Interaction 

SURxPOLxAGE 
Interaction 

pol 
-0.056*** 0.037* -0.062*** -0.058*** 0.099*** 

(0.009) (0.018) (0.012) (0.010) (0.020) 

POLxAGE 
  -0.003***   -0.008*** 

  (0.001)   (0.001) 

POLxSUR 
    0.008   

    (0.009)   

POLxURB 
     0.006  

     (0.007)  

SURxPOLxAGE 
      0.002*** 

      (0.000) 

ch_sex 
-0.139*** -0.137*** -0.139*** -0.139*** -0.135*** 

(0.028) (0.028) (0.028) (0.028) (0.028) 

ch_age 
0.075*** 0.102*** 0.075*** 0.075*** 0.140*** 

(0.005) (0.007) (0.005) (0.005) (0.009) 

m_age_at_birth 
0.011*** 0.011*** 0.011*** 0.011*** 0.011*** 

(0.003) (0.003) (0.003) (0.003) (0.003) 

m_school 
0.079*** 0.079*** 0.079*** 0.079*** 0.079*** 

(0.004) (0.004) (0.004) (0.004) (0.004) 

m_anc 
0.805*** 0.805*** 0.805*** 0.804*** 0.804*** 

(0.038) (0.038) (0.038) (0.038) (0.039) 

m_pnc 
0.183*** 0.183*** 0.183*** 0.183*** 0.184*** 

(0.031) (0.031) (0.031) (0.031) (0.031) 

ch_VACCadv 
0.748*** 0.746*** 0.748*** 0.749*** 0.743*** 

(0.031) (0.031) (0.031) (0.031) (0.031) 

ch_healtc_seen 
1.877*** 1.869*** 1.880*** 1.877*** 1.883*** 

(0.038) (0.038) (0.038) (0.038) (0.038) 

ch_healtc_notseen 
1.121*** 1.122*** 1.121*** 1.121*** 1.125*** 

(0.034) (0.034) (0.034) (0.034) (0.034) 

hh_SLI_quint 
0.145*** 0.146*** 0.145*** 0.146*** 0.145*** 

(0.014) (0.014) (0.014) (0.014) (0.014) 

hh_rel_notmuslim 
0.372*** 0.374*** 0.372*** 0.373*** 0.374*** 

(0.042) (0.042) (0.042) (0.042) (0.042) 

hh_caste_schedtribe 
-0.062 -0.056 -0.061 -0.062 -0.045 

(0.146) (0.146) (0.146) (0.146) (0.146) 

hh_caste_OBC 
-0.027 -0.028 -0.027 -0.028 -0.027 

(0.037) (0.037) (0.037) (0.037) (0.037) 

hh_caste_general 
0.105* 0.105* 0.105* 0.105* 0.103* 

(0.046) (0.046) (0.046) (0.046) (0.046) 

hh_rur_urb 
0.110** 0.108** 0.109** 0.043 0.105** 

(0.039) (0.039) (0.039) (0.085) (0.039) 

survey_dummy 
0.189** 0.053 0.117 0.191** -0.394*** 

(0.072) (0.075) (0.112) (0.072) (0.101) 

Constant 
-4.827*** -5.512*** -4.796*** -4.816*** -5.990*** 

(0.166) (0.200) (0.170) (0.167) (0.213) 

N 34,327 34,327 34,327 34,327 34,327 

k 87 88 89 89 89 

df 86 87 87 87 88 

p-Value < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 

Pseudo R² 0.248 0.249 0.248 0.248 0.250 

AIC 0.919 0.918 0.919 0.919 0.917 

Source: Own estimation. 

Notes. Coefficients reported. Standard errors in parentheses. District dummy variables not displayed. 

*p < 0.05, **p < 0.01, ***p < 0.001. 
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Table B.3. Model Results by Age Group Sub-Samples, Uttar Pradesh. 

Age in 
Months 

pol 
N 

Model-
df 

p-
Value 

Pseudo 
R² 

AIC 
b se p 

(10) -0.149 (0.122) (0.221) 1,548 84 < 0.001 0.243 0.813 

(11) -0.274* (0.109) (0.012) 1,324 82 < 0.001 0.263 0.903 

(12) -0.037 (0.096) (0.699) 1,412 84 < 0.001 0.268 0.955 

(13) 0.039 (0.072) (0.591) 1,750 85 < 0.001 0.271 0.937 

(14) -0.017 (0.067) (0.804) 1,564 85 < 0.001 0.300 0.933 

(15) -0.053 (0.057) (0.352) 1,757 85 < 0.001 0.294 0.944 

(16) -0.089 (0.051) (0.079) 1,818 85 < 0.001 0.295 0.961 

(17) -0.099* (0.046) (0.031) 1,911 85 < 0.001 0.264 1.015 

(18) -0.082 (0.048) (0.088) 1,849 84 < 0.001 0.265 0.982 

(19) -0.097 (0.053) (0.068) 1,850 85 < 0.001 0.332 0.936 

(20) -0.008 (0.055) (0.885) 1,682 85 < 0.001 0.303 0.968 

(21) -0.116* (0.057) (0.040) 1,490 85 < 0.001 0.314 0.998 

(22) -0.005 (0.056) (0.924) 1,391 85 < 0.001 0.304 0.996 

(23) -0.036 (0.052) (0.491) 1,408 85 < 0.001 0.280 1.002 

(24) -0.129* (0.058) (0.027) 1,459 84 < 0.001 0.335 0.947 

(25) -0.119* (0.049) (0.016) 1,639 85 < 0.001 0.294 0.971 

(26) -0.156** (0.053) (0.003) 1,567 85 < 0.001 0.315 0.952 

(27) -0.133** (0.051) (0.009) 1,654 85 < 0.001 0.282 1.024 

(28) 0.002 (0.060) (0.978) 1,648 85 < 0.001 0.301 0.974 

(29) 0.010 (0.062) (0.870) 1,725 85 < 0.001 0.307 0.980 

(30) -0.045 (0.060) (0.457) 1,749 84 < 0.001 0.285 0.990 

Source: Own estimation.  

Notes. Coefficients reported. Results for restricted model (Model 3 in Table B.1). Only polio round exposure variable 

shown. Only polio round exposure variable shown. Coefficient values of different models cannot be immediately compared 

due to varying samples. 

*p < 0.05, **p < 0.01, ***p < 0.001 
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Figure B.1. Predicted Probability of Full Immunisation for Hypothetical Child. 

 
Source: Own illustration. 

Notes. Based on SURxPOLxAGE interaction model (Model 7 in Table B.2). Predicted values for hypothetical male child 

resident in district of Bareilly; with illiterate mother who has received ante- but no post-natal care, who received no advice to 

immunise child and does not possess vaccination card; living in second-to-last household wealth quintile in non-Muslim 

household; belonging to other backward class (OBC); and living in rural area. Survey round and age group varying as indi-

cated. Range of polio round exposure based on minimum and maximum exposure for age group in respective survey round.  
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Table B.4. Results for Low Immunisation Coverage Districts, Restricted Model, Uttar Pradesh. 

Selected Districts 
Bottom Quintile of  
Combined Data Set 

Bottom Quintile of DLHS II Bottom Quintile of DHLS III 
Intersection of DLHS II and  
DLHS III Bottom Quintiles 

District Ranking Unweighted Weighted Unweighted Weighted Unweighted Weighted Unweighted Weighted 

pol -0.081*** -0.087*** -0.081*** -0.067** -0.074** -0.090*** -0.109*** -0.112** 

ch_sex -0.211** -0.166* -0.151* -0.184** -0.177* -0.177* -0.220* -0.338*** 

ch_age 0.089*** 0.094*** 0.093*** 0.086*** 0.089*** 0.096*** 0.104*** 0.105*** 

m_age_at_birth 0.007 0.009 0.004 0.002 0.008 0.008 0.013 0.011 

m_school 0.073*** 0.072*** 0.074*** 0.075*** 0.076*** 0.080*** 0.067*** 0.069*** 

m_anc 1.014*** 0.931*** 0.870*** 0.855*** 0.980*** 0.982*** 0.985*** 0.968*** 

m_pnc 0.292*** 0.319*** 0.411*** 0.390*** 0.315*** 0.259** 0.393*** 0.291** 

ch_VACCadv 0.903*** 0.906*** 0.879*** 0.836*** 0.814*** 0.790*** 0.877*** 0.679*** 

ch_healtc_seen 2.202*** 2.252*** 2.064*** 2.068*** 2.209*** 2.286*** 2.300*** 2.412*** 

ch_healtc_notseen 0.881*** 0.921*** 0.995*** 1.007*** 1.064*** 1.072*** 0.938*** 1.053*** 

hh_SLI_quint 0.177*** 0.175*** 0.151*** 0.147*** 0.154*** 0.163*** 0.216*** 0.239*** 

hh_rel_notmuslim 0.322*** 0.209* 0.192 0.192* 0.267** 0.265** 0.186 0.199 

hh_caste_schtribe 0.074 0.208 0.229 0.439 0.184 0.110 -0.411 0.145 

hh_caste_OBC 0.029 0.059 -0.135 -0.077 0.083 0.121 0.031 0.151 

hh_caste_general 0.064 0.066 -0.012 0.040 0.140 0.177 0.061 0.172 

hh_rur_urb 0.166 0.205* 0.273** 0.263** 0.222* 0.201* 0.248* 0.277* 

survey_dummy 0.178 0.266 0.511** 0.452* 0.070 0.122 0.401 0.544* 

Constant -5.271*** -5.575*** -5.262*** -5.195*** -5.274*** -5.328*** -5.804*** -5.845*** 

N 7,959 7,845 7,639 7,658 8,009 8,025 5,174 4,696 

k 37 37 37 37 37 37 37 37 

df 30 30 30 30 30 30 25 24 

p-Value < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 

Pseudo R² 0.259 0.258 0.257 0.257 0.266 0.270 0.270 0.279 

AIC 0.689 0.691 0.714 0.717 0.690 0.690 0.642 0.628 

Source. Own estimation. 

Notes. Coefficients reported. Selected districts include both survey round, whereby ranking is according to coverage in DLHS II, DLHS III, or the combined sample. Weighted ranking based on 

immunisation coverage using sample weights. Different sample sizes owing to varying sample sizes per district. District dummy variables not displayed. Coefficient values of different models 

cannot be immediately compared due to varying samples. Immunisation coverage estimated using coverage rates of Immunisation Index 1 across children aged 10 to 30 months. 

*p < 0.05, **p < 0.01, ***p < 0.001. 
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Table B.5. Results for Low Immunisation Coverage Districts, POLxAGE Model, Uttar Pradesh. 

Selected Districts 
Bottom Quintile of  
Combined Data Set 

Bottom Quintile of DLHS II Bottom Quintile of DHLS III 
Intersection of DLHS II and  
DLHS III Bottom Quintiles 

District Ranking Unweighted Weighted Unweighted Weighted Unweighted Weighted Unweighted Weighted 

pol -0.006 0.018 -0.002 0.025 0.025 -0.014 -0.039 -0.028 

POLxAGE -0.003 -0.004** -0.003* -0.003* -0.004* -0.003* -0.002 -0.003 

ch_sex -0.212** -0.167* -0.152* -0.183** -0.180** -0.179* -0.221* -0.340*** 

ch_age 0.108*** 0.120*** 0.114*** 0.110*** 0.117*** 0.117*** 0.123*** 0.129*** 

m_age_at_birth 0.007 0.009 0.004 0.002 0.008 0.008 0.013 0.011 

m_school 0.073*** 0.072*** 0.074*** 0.074*** 0.076*** 0.080*** 0.067*** 0.069*** 

m_anc 1.018*** 0.938*** 0.873*** 0.858*** 0.985*** 0.987*** 0.990*** 0.974*** 

m_pnc 0.289*** 0.314*** 0.412*** 0.390*** 0.311*** 0.254** 0.393*** 0.293** 

ch_VACCadv 0.902*** 0.907*** 0.874*** 0.830*** 0.810*** 0.788*** 0.873*** 0.673*** 

ch_healtc_seen 2.192*** 2.237*** 2.057*** 2.063*** 2.198*** 2.275*** 2.288*** 2.401*** 

ch_healtc_notseen 0.880*** 0.920*** 0.996*** 1.010*** 1.061*** 1.069*** 0.935*** 1.051*** 

hh_SLI_quint 0.179*** 0.177*** 0.152*** 0.148*** 0.156*** 0.165*** 0.217*** 0.239*** 

hh_rel_notmuslim 0.324*** 0.210* 0.195* 0.197* 0.265** 0.263** 0.190 0.206 

hh_caste_schtribe 0.077 0.213 0.230 0.445 0.192 0.118 -0.420 0.155 

hh_caste_OBC 0.027 0.056 -0.136 -0.078 0.079 0.118 0.030 0.149 

hh_caste_general 0.067 0.068 -0.008 0.045 0.141 0.177 0.066 0.178 

hh_rur_urb 0.171 0.212* 0.279** 0.273** 0.224* 0.202* 0.253* 0.288* 

survey_dummy 0.049 0.080 0.375 0.297 -0.079 -0.002 0.292 0.422 

Constant -5.849*** -6.344*** -5.882*** -5.913*** -6.049*** -5.903*** -6.344*** -6.496*** 

N 7,959 7,845 7,639 7,658 8,009 8,025 5,174 4,696 

k 38 38 38 38 38 38 38 38 

df 31 31 31 31 31 31 26 25 

p-Value < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 

Pseudo R² 0.260 0.259 0.258 0.258 0.267 0.270 0.270 0.280 

AIC 0.689 0.690 0.714 0.717 0.690 0.690 0.642 0.628 

Source. Own estimation. 

Notes. Coefficients reported. Selected districts include both survey round, whereby ranking is according to coverage in DLHS II, DLHS III, or the combined sample. Weighted ranking based on 

immunisation coverage using sample weights. Different sample sizes owing to varying sample sizes per district. District dummy variables not displayed. Coefficient values of different models 

cannot be immediately compared due to varying samples. Immunisation coverage estimated using coverage rates of Immunisation Index 1 across children aged 10 to 30 months. 

*p < 0.05, **p < 0.01, ***p < 0.001. 
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Table B.6. Results for Low Immunisation Coverage Districts, SURxPOLxAGE Model, Uttar Pradesh. 

Selected Districts 
Bottom Quintile of  
Combined Data Set 

Bottom Quintile of DLHS II Bottom Quintile of DHLS III 
Intersection of DLHS II and  
DLHS III Bottom Quintiles 

District Ranking Unweighted Weighted Unweighted Weighted Unweighted Weighted Unweighted Weighted 

pol 0.044 0.052 0.056 0.080 0.061 0.030 0.011 0.016 

POLxAGE -0.007*** -0.007** -0.008*** -0.008*** -0.007** -0.006** -0.007* -0.007* 

SURxPOLxAGE 0.002** 0.002 0.002** 0.002** 0.002* 0.002* 0.002* 0.002 

ch_sex -0.205** -0.162* -0.144* -0.175* -0.173* -0.172* -0.214* -0.332*** 

ch_age 0.150*** 0.146*** 0.156*** 0.152*** 0.148*** 0.149*** 0.161*** 0.158*** 

m_age_at_birth 0.007 0.009 0.004 0.002 0.008 0.008 0.013 0.010 

m_school 0.073*** 0.072*** 0.074*** 0.075*** 0.076*** 0.080*** 0.066*** 0.069*** 

m_anc 1.013*** 0.934*** 0.865*** 0.850*** 0.983*** 0.986*** 0.982*** 0.968*** 

m_pnc 0.293*** 0.316*** 0.419*** 0.395*** 0.317*** 0.259** 0.401*** 0.295** 

ch_VACCadv 0.906*** 0.908*** 0.881*** 0.832*** 0.813*** 0.790*** 0.889*** 0.680*** 

ch_healtc_seen 2.216*** 2.251*** 2.073*** 2.080*** 2.217*** 2.296*** 2.306*** 2.416*** 

ch_healtc_notseen 0.893*** 0.927*** 0.999*** 1.014*** 1.067*** 1.079*** 0.938*** 1.058*** 

hh_SLI_quint 0.174*** 0.174*** 0.148*** 0.143*** 0.152*** 0.160*** 0.212*** 0.234*** 

hh_rel_notmuslim 0.334*** 0.213* 0.198* 0.202* 0.270** 0.268** 0.193 0.209 

hh_caste_schtribe 0.135 0.249 0.264 0.485 0.235 0.157 -0.374 0.200 

hh_caste_OBC 0.034 0.060 -0.124 -0.067 0.083 0.122 0.044 0.159 

hh_caste_general 0.068 0.068 -0.002 0.051 0.141 0.178 0.070 0.182 

hh_rur_urb 0.172 0.212* 0.281** 0.274** 0.226* 0.203* 0.258* 0.289* 

survey_dummy -0.376 -0.202 -0.098 -0.161 -0.387 -0.354 -0.126 0.070 

Constant -6.258*** -6.602*** -6.305*** -6.315*** -6.344*** -6.216*** -6.725*** -6.780*** 

N 7,959 7,845 7,639 7,658 8,009 8,025 5,174 4,696 

k 39 39 39 39 39 39 39 39 

df 32 32 32 32 32 32 27 26 

p-Value < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 

Pseudo R² 0.261 0.259 0.259 0.259 0.267 0.271 0.271 0.281 

AIC 0.688 0.690 0.713 0.716 0.690 0.689 0.641 0.628 

Source. Own estimation. 

Notes. Coefficients reported. Selected districts include both survey round, whereby ranking is according to coverage in DLHS II, DLHS III, or the combined sample. Weighted ranking based on 

immunisation coverage using sample weights. Different sample sizes owing to varying sample sizes per district. District dummy variables not displayed. Coefficient values of different models 

cannot be immediately compared due to varying samples. Immunisation coverage estimated using coverage rates of Immunisation Index 1 across children aged 10 to 30 months. 

*p < 0.05, **p < 0.01, ***p < 0.001.  
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Table B.7. Results for Restricted and Interaction Models, Uttar Pradesh and Bihar. 

 Uttar Pradesh Bihar 

Model No. (3) (4) (6) (7) (8) (9) 

Model Description 
Restricted 

Model 
POLxAGE 
Interaction 

SURxPOLx
AGE Inter-

action 

Restricted 
Model 

POLxAGE 
Interaction 

SURxPOLx
AGE Inter-

action 

pol 
-0.056*** 0.037* 0.099*** 0.042*** 0.119*** 0.176*** 

(0.009) (0.018) (0.020) (0.010) (0.020) (0.023) 

POLxAGE 
  -0.003*** -0.008***   -0.003*** -0.007*** 

  (0.001) (0.001)   (0.001) (0.001) 

SURxPOLxAGE 
    0.002***     0.002*** 

    (0.000)     (0.000) 

ch_sex 
-0.139*** -0.137*** -0.135*** -0.249*** -0.248*** -0.248*** 

(0.028) (0.028) (0.028) (0.036) (0.036) (0.036) 

ch_age 
0.075*** 0.102*** 0.140*** 0.026*** 0.054*** 0.082*** 

(0.005) (0.007) (0.009) (0.006) (0.009) (0.011) 

m_age_at_birth 
0.011*** 0.011*** 0.011*** -0.001 -0.002 -0.002 

(0.003) (0.003) (0.003) (0.003) (0.003) (0.003) 

m_school 
0.079*** 0.079*** 0.079*** 0.078*** 0.079*** 0.079*** 

(0.004) (0.004) (0.004) (0.005) (0.005) (0.005) 

m_anc 
0.805*** 0.805*** 0.804*** 0.436*** 0.432*** 0.435*** 

(0.038) (0.038) (0.039) (0.045) (0.045) (0.045) 

m_pnc 
0.183*** 0.183*** 0.184*** 0.269*** 0.273*** 0.275*** 

(0.031) (0.031) (0.031) (0.040) (0.040) (0.040) 

ch_VACCadv 
0.748*** 0.746*** 0.743*** 0.512*** 0.510*** 0.510*** 

(0.031) (0.031) (0.031) (0.040) (0.040) (0.040) 

ch_healtc_seen 
1.877*** 1.869*** 1.883*** 2.301*** 2.294*** 2.300*** 

(0.038) (0.038) (0.038) (0.051) (0.051) (0.051) 

ch_healtc_notseen 
1.121*** 1.122*** 1.125*** 1.773*** 1.769*** 1.768*** 

(0.034) (0.034) (0.034) (0.049) (0.049) (0.049) 

hh_SLI_quint 
0.145*** 0.146*** 0.145*** 0.137*** 0.138*** 0.138*** 

(0.014) (0.014) (0.014) (0.019) (0.019) (0.019) 

hh_rel_notmuslim 
0.372*** 0.374*** 0.374*** 0.629*** 0.636*** 0.635*** 

(0.042) (0.042) (0.042) (0.058) (0.058) (0.058) 

hh_caste_schedtribe 
-0.062 -0.056 -0.045 -0.022 -0.026 -0.034 

(0.146) (0.146) (0.146) (0.152) (0.152) (0.152) 

hh_caste_OBC 
-0.027 -0.028 -0.027 0.289*** 0.286*** 0.291*** 

(0.037) (0.037) (0.037) (0.048) (0.048) (0.048) 

hh_caste_general 
0.105* 0.105* 0.103* 0.551*** 0.552*** 0.552*** 

(0.046) (0.046) (0.046) (0.065) (0.065) (0.065) 

hh_rur_urb 
0.110** 0.108** 0.105** 0.005 0.007 0.006 

(0.039) (0.039) (0.039) (0.058) (0.058) (0.058) 

survey_dummy 
0.189** 0.053 -0.394*** 0.463*** 0.364*** -0.085 

(0.072) (0.075) (0.101) (0.082) (0.085) (0.121) 

Constant 
-4.827*** -5.512*** -5.990*** -5.944*** -6.648*** -7.027*** 

(0.166) (0.200) (0.213) (0.200) (0.258) (0.268) 

N 34,327 34,327 34,327 20,525 20,525 20,525 

k 87 88 89 54 55 56 

df 86 87 88 53 54 55 

p-Value < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 

Pseudo R² 0.248 0.249 0.250 0.293 0.294 0.295 

AIC 0.919 0.918 0.917 0.917 0.916 0.915 

Source: Own estimation. 

Notes. Coefficients reported. Standard errors in parentheses. District dummy variables not displayed. Coefficient values of 

different models cannot be immediately compared due to varying samples. 

*p < 0.05, **p < 0.01, ***p < 0.001. 
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Table B.8. Model Results by Age Group Sub-Samples, Bihar. 

Age in 
Months 

pol 
N 

Model-
df 

p-
Value 

Pseudo 
R² 

AIC 
b se p 

(10) 0.233 (0.129) (0.071) 731 51 < 0.001 0.239 0.963 

(11) 0.069 (0.119) (0.560) 568 50 < 0.001 0.332 0.992 

(12) 0.127 (0.076) (0.093) 1,013 52 < 0.001 0.273 0.968 

(13) 0.003 (0.067) (0.962) 1,338 52 < 0.001 0.296 0.930 

(14) 0.010 (0.059) (0.863) 1,301 52 < 0.001 0.331 0.911 

(15) 0.132* (0.062) (0.035) 1,176 52 < 0.001 0.355 0.923 

(16) 0.048 (0.057) (0.401) 1,244 52 < 0.001 0.343 0.929 

(17) -0.001 (0.054) (0.979) 1,160 52 < 0.001 0.304 1.005 

(18) 0.142* (0.060) (0.017) 1,041 52 < 0.001 0.309 1.017 

(19) 0.002 (0.068) (0.979) 891 52 < 0.001 0.338 0.992 

(20) -0.115 (0.070) (0.098) 736 51 < 0.001 0.319 1.042 

(21) 0.064 (0.066) (0.328) 727 52 < 0.001 0.358 1.000 

(22) 0.086 (0.072) (0.228) 685 51 < 0.001 0.350 0.987 

(23) 0.078 (0.065) (0.232) 641 52 < 0.001 0.388 0.986 

(24) 0.051 (0.049) (0.303) 973 52 < 0.001 0.409 0.872 

(25) 0.022 (0.045) (0.635) 1,112 52 < 0.001 0.357 0.922 

(26) 0.045 (0.048) (0.347) 1,063 52 < 0.001 0.375 0.899 

(27) 0.078 (0.044) (0.075) 1,038 52 < 0.001 0.341 0.970 

(28) 0.023 (0.042) (0.593) 1,039 52 < 0.001 0.362 0.953 

(29) 0.043 (0.059) (0.462) 1,025 52 < 0.001 0.382 0.939 

(30) 0.066 (0.054) (0.223) 954 52 < 0.001 0.332 1.005 

Source: Own estimation.  

Notes. Coefficients reported. Results for restricted model (Model 7 in Table B.5). Only polio round exposure variable 

shown. Coefficient values of different models cannot be immediately compared due to varying samples. 

*p < 0.05, **p < 0.01, ***p < 0.001  
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Appendix C: Robustness Tests for 

Quantitative Results 

Tables C.2 to C.5 present the re-

sults from the robustness tests for the ag-

gregate models (i.e., the full model, the 

restricted model, and the two interaction 

models with POLxAGE and SURxPOLx-

AGE interactions). Sub-sections C.1 to C.5 

briefly describe the implications of these 

robustness tests with reference to the re-

spective columns in Tables C.2 to C.5. 

These tests include the use of alternative 

immunisation indices, the application of 

sample weights to the survey data, the es-

timation of standard errors that are robust 

to potential problems of clustering and 

heteroskedasticity, estimating varying sub-

samples based on the recall of immunisa-

tion information, and estimates with the 

different functional forms of probit and 

linear regressions. Overall, the results for 

the three-way interaction model are highly 

robust for all these tests, while the other 

models are partly sensitive to alternative 

immunisation indices and the recall of 

immunisation information. Appendix C.6 

and Table C.6 explore a possible diminish-

ing probability of full immunisation for 

older children, which may potentially af-

fect the regression results. However, the 

augmented model demonstrates that the 

regression results remain the same, albeit 

the assumption of a diminishing probabil-

ity of full immunisation for older children 

is supported. 

C.1 Varying Immunisation Indices 

(Columns 1 to 4) 

The primary immunisation index 

for estimating the regression model in-

cludes the three vaccines BCG, DPT (three 

doses), and measles. This index was se-

lected because the HepB vaccine is only 

selectively deployed in the study region 

and because of concerns about recall bias-

es and reverse causality when including 

the polio vaccine (OPV; see Appendix D). 

Results for Indices 2 (BCG, DPT, 

HepB, measles), 3 (BCG, DPT, measles, 

OPV), and 4 (BCG, DPT, HepB, measles, 

OPV) are presented in Columns 2 to 4. 

Interestingly, aggregate results for the full 

and restricted model are not affected as far 

as the sign and significance of the polio 

round exposure coefficient are concerned, 

although occasional changes in the signifi-

cance of control variable coefficients such 

as the survey dummy or age of mother at 

birth occur. 

The POLxAGE interaction model is 

more sensitive to the use of alternative 

immunisation indices, specifically the in-

troduction of the HepB vaccine. This sug-

gests that HepB vaccine uptake, which is 

administered only to a very small portion 

of the sample, is affected by a higher ex-

posure to polio rounds, and that this effect 

is independent of the age of the child. 

However, the tree-way interaction 

SURxPOLxAGE is robust against changes 

in the composition of the immunisation 

index. Despite small changes in signifi-

cance levels of the POLxAGE coefficient 

from the 0.1 per cent level to the 1 per cent 

level for Index 2 and 4, respectively, the 

estimated positive impact of the survey 

round on the POLxAGE interaction per-

sists. 

C.2 Applying Sample Weights (Col-

umn 5) 

The sample used to estimate the lo-

gistic regression models is based on an 

India-wide household survey. Although 

such surveys aspire representativeness, 

their samples often do not reflect the pro-

portion of certain groups in the entire pop-

ulation. Therefore, such surveys provide 

sample weights in order to correct for bi-

ases that stem from over- or under-

sampling certain groups (e.g., rural and 

urban households). Through applying such 

sample weights to the regression model, 

the results may become more robust to 

such potential sampling biases (although 

this is not clear from the outset; Deaton, 
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1995:1792). This typically results in in-

flated standard errors (not shown), which 

potentially lowers the significance level of 

the estimated coefficients. 

In the present case, sample weights 

are available for interviewed mothers and 

affect only the pol-coefficient at the age of 

zero months in the POLxAGE interaction 

model, which is not significant at the five 

per cent level anymore (the interaction 

term itself remains highly significant). The 

overall results of interest are robust to the 

application of sample weights. 

C.3 Estimates With Robust Standard 

Errors (Columns 6 to 9) 

Further robustness tests are appro-

priate if the underlying sample is suspected 

to be misspecified and thus to violate as-

sumptions of the logistic regression. Such 

violations may result from correlated 

standard errors within certain “clusters” 

such as districts or villages, or from non-

constant standard errors due to heteroske-

dasticity. Robust standard errors can be 

understood as conservative estimates to 

accommodate such violations. 

To account for cluster-dependent 

variance in the model, standard errors are 

adjusted to the 70 district and 4,843 village 

clusters.
8
 This assumes that the effects of 

the independent variables are correlated 

within districts or within villages. Col-

umns 6 and 7 display the results for these 

clusters, which resemble the outcomes 

from the sample weight application above. 

To account for potential violations 

of heteroskedasticity, Huber and White 

sandwich estimators and non-parametric 

bootstrapping were applied (White, 1980; 

Hilbe, 2009:136-142). Whereas the first 

method adjusts the model variance through 

“sandwiching” it between two model vari-

ance matrices, the second method draws 

                                                 
8
Villages cannot be matched across sur-

veys due to lacking identifiers. 

repeated sub-samples to be compared with 

the overall model results (Hilbe, 2009:137, 

139). Columns 7 and 8 report the results 

for these tests, showing no or little devia-

tion from the preceding tests and, indeed, 

from the initial model results. Thus, even 

if model violations such as clustering and 

heteroskedasticity were present, this would 

not affect the presented results. 

C.4 Recorded Versus Recall Data 

(Columns 10 to 12) 

The immunisation index used in 

this investigation is based on documented 

information and parent recall. Both meth-

ods are fairly reliable measures for the 

child’s immunisation status, albeit neither 

is fully accurate. In order to examine 

whether recall biases affect the results, 

Columns 10 to 12 present the model re-

sults for sub-samples including only doc-

umented data, only recall data based on 

existing vaccination cards, and only recall 

data without the possession of vaccination 

cards. 

For the documented data and recall 

information without health card, the results 

of the full and restricted model without 

interaction do not hold as far as the signifi-

cance of the pol-coefficient is concerned. 

Conversely, recall information from moth-

ers who possess a vaccination card con-

firms the earlier results. For the POLxAGE 

interaction model, the recall without a vac-

cination card does not exhibit significant 

interaction, whereas the children of moth-

ers with a health card do so at the 1 and 0.1 

per cent level for documented and recall 

information, respectively. In a three-way 

SURxPOLxAGE interaction, all results 

become significant again, supporting the 

statement that all these variables are signif-

icant explanatory factors for full immun-

isation attainment. 

It is not immediately obvious how 

the varying sources affect children’s im-

munisation response to being exposed to 

additional polio immunisation rounds. In-
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direct factors are a likely explanation, es-

pecially the different composition of these 

sub-samples: Mothers with health cards 

are a group that is somewhat different 

from mothers without health cards. Chil-

dren in households with vaccination cards 

do not only exhibit a larger overall propor-

tion of vaccinated children (59% and 41% 

for shown and not shown vaccination card 

versus 13% for households without card; 

Index 1), but their mothers are better edu-

cated, more likely to have received ante- 

and post-natal care and their households 

are wealthier and more likely to be non-

Muslim. In addition, these households are 

overrepresented in the more recent survey 

round (see Table C.1 below). The results 

for these subsamples are thus less likely to 

be caused by differences in recall as by 

differences in group composition. The in-

teraction effect with the survey round can 

capture a part of these composition effects 

and changes in the pol and POLxAGE re-

sponse across surveys, which helps explain 

why all results can be replicated in this 

model. Due to its robustness, it is fair to 

conclude that these variables and interac-

tion terms are important explanatory vari-

ables for full immunisation uptake. How-

ever, the specific responses for the aggre-

gate models remain a puzzle to some ex-

tent. 
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Table C.1. Comparison of Sub-Sample Means by Immunisation Information. 

 

As Recorded 
on Health Card 

Recall From 
Health Card 

Recall Without 
Health Card 

Immunisation Index 1 
(BCG, DPT, Mea.) 

0.59 0.41 0.13 

(0.49) (0.49) (0.34) 

Immunisation Index 2 
(BCG, DPT, HepB, Mea.) 

0.13 0.09 0.02 

(0.33) (0.29) (0.14) 

Immunisation Index 3 
(BCG, DPT, Mea., OPV) 

0.58 0.41 0.13 

(0.49) (0.49) (0.34) 

Immunisation Index 4 
(BCG, DPT, HepB, Mea., OPV) 

0.13 0.09 0.02 

(0.33) (0.29) (0.14) 

pol 
11.89 11.99 11.12 

(4.38) (5.03) (5.08) 

ch_sex 
0.45 0.47 0.49 

(0.5) (0.5) (0.5) 

ch_age 
18.69 20.62 20.40 

(5.84) (6.01) (6.05) 

m_age_at_birth 
24.19 24.43 25.18 

(5.14) (5.2) (5.78) 

m_school 
4.59 4.03 1.75 

(5.19) (5.01) (3.47) 

m_anc 
0.84 0.78 0.57 

(0.37) (0.41) (0.5) 

m_pnc 
0.53 0.48 0.32 

(0.5) (0.5) (0.47) 

hh_SLI_quint 
3.02 2.89 2.41 

(1.32) (1.32) (1.16) 

hh_rel_notmuslim 
0.86 0.84 0.77 

(0.34) (0.37) (0.42) 

hh_rur_urb 
0.22 0.22 0.18 

(0.41) (0.42) (0.39) 

survey_dummy 
0.70 0.57 0.46 

(0.46) (0.49) (0.5) 

N 7,704 10,844 19,897 

Source: Own estimation. 

Notes. Uttar Pradesh only. Aggregate values on the child level. Standard errors in parentheses. With the exception of pol and 

hh_rur_urb (between health card seen / not seen groups), all three groups are significantly different in all categories at least 

at the 1 per cent level. 
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C.5 Alternative Functional Forms 

(Columns 13 and 14) 

Alternative functional forms of the 

regression model have been tested to as-

sess the robustness of the specification. In 

Column 13, a probit regression model is 

estimated, which is similar to the logit 

model yet assumes a binary response that 

is distributed according to the cumulative 

density function of the normal distribution 

(rather than the logistic cumulative distri-

bution function as in the logit case; 

Greene, 2009:773-774; Wooldridge, 

2010:566). Although both approaches are 

very similar, differences in the underlying 

sample distribution can yield subtle differ-

ences in the parameter estimates. 

Column 14 estimates a linear prob-

ability model based on linear multiple re-

gression using ordinary least squares 

(Wooldridge, 2010:562-565). Although 

such models yield potentially inefficient 

estimators in the presence of binary re-

sponse data compared to logit and probit 

models, they can provide a useful alterna-

tive perspective on the partial effects of the 

independent variables (Agresti and Finlay, 

2009:484; Greene, 2008:772-773, 782; 

Wooldridge, 2010:562-565). 

The results show a high level of 

consistency with the logistic regression. 

For all four models (full, restricted, POLx-

AGE, and SURxPOLxAGE), the main re-

sults are replicated and the overwhelming 

majority of control variables do not show 

any differences. This lends confidence to 

the view that the model is correctly speci-

fied. 

C.6 Diminishing Probability of Full 

Immunisation for Older Children 

The main text has suggested that a 

counterargument to the observed impact of 

the PEI on routine immunisation in Uttar 

Pradesh is a possible diminishing (margin-

al) probability of full immunisation for 

older children. This may stem from chang-

es in the quality of recall data or from a 

diminishing willingness of parents to im-

munise their child. To formally assess 

whether such an effect is present, a 

squared child age term is introduced into 

the regression model (the original child 

age term remains in the model). If the as-

sumption is correct, the coefficient of the 

squared age term is negative (indicating 

diminishing effects at higher ages), while 

the coefficient of the regular child age 

term remains positive. 

The main results of this exercise 

are presented in Table C.6, amending the 

full, the restricted, the POLxAGE, and the 

SURxPOLxAGE regression model with the 

squared child age term (and the respective 

interactions). The results show that the 

additional term enhances model fitness and 

that the coefficient of the squared age term 

is slightly negative. This supports the as-

sumption that older children may be more 

likely to be fully immunised than younger 

children, but not proportionally so. The 

positive and significant POLxAGE² inter-

action term suggests that the increasingly 

adverse effects on older children level off 

at higher ages. Finally, the SURxPOLx-

AGE² interaction term indicates that the 

curvature of the age-specific response de-

creases across survey rounds; that is, the 

effect is less pronounced over time. 

Although these results indicate that 

the “diminishing willingness to immun-

ise”-assumption is valid, the overall results 

of the statistical analysis remain the same: 

When exposed to an additional polio im-

munisation round, children’s probability to 

receive full immunisation is decreased, and 

this applies especially to older children. 

 

 



Marco Haenssgen  Page 47 

Table C.2. Robustness Tests for Full Regression Model. 

Full Model 

Varying Immunisation Indices 

Sample 
Weights 

Robust Standard Errors Immunisation Recall Functional Form 

1: BCG, 
DPT, 
Mea. 

2: BCG, 
DPT, 

HepB, 
Mea. 

3: BCG, 
DPT, 
Mea., 
OPV 

4: BCG, 
DPT, 

HepB, 
Mea., OPV 

District-
wise 

clustering 

Village-
wise 

clustering 

Sandwich 
estimator 
(Huber/ 
White) 

Bootstrap 
estimation 

As Rec-
orded on 

Health 
Card 

Recall 
From 

Health 
Card 

Recall 
Without 
Health 
Card 

Probit 
Model 

Linear 
Model 

Column No. (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) 

pol -0.056*** -0.078*** -0.045*** -0.070*** -0.057*** -0.056*** -0.055*** -0.056*** -0.056*** -0.032 -0.059*** -0.018 -0.032*** -0.009*** 

ch_index -0.045** -0.072** -0.050*** -0.074** -0.034* -0.045** -0.027 -0.045** -0.045*** -0.018 -0.054* -0.056* -0.025** -0.006** 

ch_sex -0.123*** -0.219*** -0.128*** -0.227*** -0.120*** -0.123*** -0.134*** -0.123*** -0.123*** -0.204*** -0.031 -0.187*** -0.074*** -0.019*** 

ch_age 0.076*** 0.093*** 0.072*** 0.089*** 0.078*** 0.076*** 0.074*** 0.076*** 0.076*** 0.077*** 0.069*** 0.063*** 0.044*** 0.012*** 

husb_school 0.032*** 0.054*** 0.032*** 0.054*** 0.031*** 0.032*** 0.030*** 0.032*** 0.032*** 0.030*** 0.020** 0.050*** 0.019*** 0.005*** 

m_age_at_birth 0.013*** 0.010 0.016*** 0.012 0.013*** 0.013*** 0.010** 0.013*** 0.013*** 0.018** 0.014** 0.013* 0.007*** 0.002*** 

m_school 0.064*** 0.087*** 0.060*** 0.086*** 0.067*** 0.064*** 0.060*** 0.064*** 0.064*** 0.051*** 0.065*** 0.075*** 0.038*** 0.013*** 

m_anc 0.753*** 0.388*** 0.739*** 0.407*** 0.779*** 0.753*** 0.741*** 0.753*** 0.753*** 0.323*** 0.533*** 1.261*** 0.440*** 0.095*** 

m_pnc 0.181*** 0.126* 0.176*** 0.126* 0.171*** 0.181*** 0.139*** 0.181*** 0.181*** 0.139* 0.187*** 0.199*** 0.107*** 0.033*** 

ch_VACCadv 0.679*** 0.600*** 0.675*** 0.603*** 0.679*** 0.679*** 0.697*** 0.679*** 0.679*** 0.302*** 0.483*** 1.304*** 0.403*** 0.110*** 

ch_healtc_seen 1.875*** 1.255*** 1.832*** 1.234*** 1.856*** 1.875*** 1.903*** 1.875*** 1.875*** 
   

1.114*** 0.345*** 

ch_healtc_notseen 1.058*** 0.901*** 1.002*** 0.839*** 1.041*** 1.058*** 1.021*** 1.058*** 1.058*** 
   

0.629*** 0.174*** 

hh_size 0.001 -0.006 0.001 -0.008 0.000 0.001 0.008 0.001 0.001 -0.020** 0.007 0.006 0.001 0.000 

hh_SLI_quint 0.103*** 0.139*** 0.093*** 0.129*** 0.097*** 0.103*** 0.094*** 0.103*** 0.103*** 0.110*** 0.089*** 0.141*** 0.060*** 0.018*** 

hh_rel_notmuslim 0.336*** 0.072 0.330*** 0.043 0.315*** 0.336*** 0.330*** 0.336*** 0.336*** 0.290** 0.316*** 0.397*** 0.191*** 0.052*** 

hh_caste_schedtribe -0.109 -0.102 -0.047 -0.002 -0.189 -0.109 -0.073 -0.109 -0.109 0.242 -0.359 -0.404 -0.069 -0.017 

hh_caste_OBC -0.033 -0.085 -0.026 -0.094 -0.049 -0.033 -0.034 -0.033 -0.033 0.055 -0.043 -0.059 -0.018 -0.002 

hh_caste_general 0.081 -0.063 0.088 -0.068 0.080 0.081 0.086 0.081 0.081 0.138 0.005 0.165 0.049 0.017* 

hh_rur_urb 0.153*** 0.228*** 0.163*** 0.276*** 0.130** 0.153** -0.896 0.153*** 0.153*** 0.187* 0.286*** 0.004 0.088*** 0.026*** 

survey_dummy 0.130 0.525*** 0.061 0.463** 0.164 0.130 0.167 0.130 0.130 0.736*** -0.179 -0.450** 0.069 0.018 

Constant -4.755*** -6.160*** -4.709*** -6.082*** -4.677*** -4.755*** -4.797*** -4.755*** -4.755*** -2.766*** -2.711*** -6.439*** -2.794*** -0.285*** 

N 28,916 28,326 27,253 26,746 28,916 28,916 23,041 28,916 28,916 6,101 8,868 13,947 28,916 28,916 

k 90 90 90 90 90 90 90 90 90 90 90 90 90 90 

df 89 89 89 89 89 19 89 89 49 87 87 87 89 89 

p-Value < 0.001 < 0.001 < 0.001 < 0.001 < 0.001  < 0.001 < 0.001  < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 

Pseudo R² 0.237 0.204 0.229 0.202 0.236 0.237 0.220 0.237 0.237 0.0906 0.129 0.219 0.239 0.266
 

AIC 0.970 0.407 0.983 0.407 0.964 0.965 0.960 0.970 0.967 1.253 1.205 0.660 0.967 1.015 

Source: Own estimation. 

Notes. Coefficients reported. Chi² and p-value for district-level clustering and bootstrapping not reported. Linear model reporting adjusted R² instead of pseudo-R². District dummy variables not 

displayed. Coefficient values of different models cannot be immediately compared due to varying samples. 

*p < 0.05, **p < 0.01, ***p < 0.001.  
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Table C.3. Robustness Tests for Restricted Regression Model. 

Restricted  
Model 

Varying Immunisation Indices 

Sample 
Weights 

Robust Standard Errors Immunisation Recall Functional Form 

1: BCG, 
DPT, 
Mea. 

2: BCG, 
DPT, 

HepB, 
Mea. 

3: BCG, 
DPT, 
Mea., 
OPV 

4: BCG, 
DPT, 

HepB, 
Mea., OPV 

District-
wise 

clustering 

Village-
wise 

clustering 

Sandwich 
estimator 
(Huber/ 
White) 

Bootstrap 
estimation 

As Rec-
orded on 

Health 
Card 

Recall 
From 

Health 
Card 

Recall 
Without 
Health 
Card 

Probit 
Model 

Linear 
Model 

Column No. (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) 

pol -0.056*** -0.090*** -0.046*** -0.081*** -0.057*** -0.056*** -0.058*** -0.056*** -0.056*** -0.032 -0.073*** -0.015 -0.031*** -0.008*** 

ch_sex -0.139*** -0.240*** -0.145*** -0.246*** -0.142*** -0.139*** -0.145*** -0.139*** -0.139*** -0.206*** -0.072 -0.184*** -0.082*** -0.020*** 

ch_age 0.075*** 0.097*** 0.071*** 0.093*** 0.076*** 0.075*** 0.074*** 0.075*** 0.075*** 0.074*** 0.076*** 0.059*** 0.042*** 0.011*** 

m_age_at_birth 0.011*** 0.007 0.012*** 0.008 0.011*** 0.011*** 0.008** 0.011*** 0.011*** 0.015** 0.012** 0.009* 0.006*** 0.002*** 

m_school 0.079*** 0.110*** 0.074*** 0.109*** 0.081*** 0.079*** 0.073*** 0.079*** 0.079*** 0.063*** 0.074*** 0.098*** 0.047*** 0.016*** 

m_anc 0.805*** 0.469*** 0.796*** 0.493*** 0.812*** 0.805*** 0.781*** 0.805*** 0.805*** 0.337*** 0.570*** 1.292*** 0.465*** 0.093*** 

m_pnc 0.183*** 0.145* 0.175*** 0.144* 0.175*** 0.183*** 0.139*** 0.183*** 0.183*** 0.152* 0.186*** 0.196*** 0.107*** 0.031*** 

ch_VACCadv 0.748*** 0.704*** 0.751*** 0.717*** 0.750*** 0.748*** 0.763*** 0.748*** 0.748*** 0.324*** 0.535*** 1.392*** 0.441*** 0.116*** 

ch_healtc_seen 1.877*** 1.308*** 1.840*** 1.292*** 1.853*** 1.877*** 1.885*** 1.877*** 1.877*** 
   

1.110*** 0.339*** 

ch_healtc_notseen 1.121*** 0.967*** 1.069*** 0.912*** 1.095*** 1.121*** 1.074*** 1.121*** 1.121*** 
   

0.660*** 0.178*** 

hh_SLI_quint 0.145*** 0.187*** 0.138*** 0.176*** 0.136*** 0.145*** 0.140*** 0.145*** 0.145*** 0.129*** 0.125*** 0.197*** 0.084*** 0.023*** 

hh_rel_notmuslim 0.372*** 0.140 0.366*** 0.110 0.357*** 0.372*** 0.359*** 0.372*** 0.372*** 0.346*** 0.324*** 0.453*** 0.209*** 0.053*** 

hh_caste_schedtribe -0.062 -0.143 -0.008 -0.054 -0.126 -0.062 -0.060 -0.062 -0.062 0.143 -0.189 -0.200 -0.044 -0.007 

hh_caste_OBC -0.027 -0.074 -0.022 -0.086 -0.049 -0.027 -0.035 -0.027 -0.027 0.040 -0.025 -0.059 -0.015 -0.001 

hh_caste_general 0.105* -0.035 0.114* -0.042 0.108* 0.105 0.121* 0.105* 0.105* 0.145 0.030 0.202* 0.064* 0.020** 

hh_rur_urb 0.110** 0.183** 0.118** 0.227*** 0.093* 0.110* -1.001 0.110** 0.110** 0.216** 0.240*** -0.075 0.061** 0.018** 

survey_dummy 0.189** 0.622*** 0.136 0.559*** 0.201* 0.189 0.210* 0.189** 0.189** 0.762*** -0.002 -0.469*** 0.090* 0.012 

Constant -4.827*** -6.307*** -4.798*** -6.247*** -4.743*** -4.827*** -4.780*** -4.827*** -4.827*** -2.831*** -2.792*** -6.154*** -2.809*** -0.259*** 

N 34,327 33,735 32,631 32,123 34,327 34,327 27,249 34,327 34,327 6,520 9,838 17,969 34,327 34,327 

k 87 87 87 87 87 87 87 87 87 87 87 87 87 87 

df 86 86 86 86 86 16 86 86 49 84 84 84 86 86 

p-Value < 0.001 < 0.001 < 0.001 < 0.001 < 0.001  < 0.001 < 0.001  < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 

Pseudo R² 0.248 0.214 0.242 0.213 0.247 0.248 0.230 0.248 0.248 0.0936 0.126 0.217 0.250 0.273 

AIC 0.919 0.369 0.927 0.367 0.917 0.915 0.910 0.919 0.917 1.255 1.201 0.610 0.916 0.954 

Source: Own estimation. 

Notes. Coefficients reported. Chi² and p-value for district-level clustering and bootstrapping not reported. Linear model reporting adjusted R² instead of pseudo-R². District dummy variables not 

displayed. Coefficient values of different models cannot be immediately compared due to varying samples. 

*p < 0.05, **p < 0.01, ***p < 0.001.  
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Table C.4. Robustness Tests for POLxAGE Interaction Model. 

Restricted 
 Interaction  

Model (POLxAGE) 

Varying Immunisation Indices 

Sample 
Weights 

Robust Standard Errors Immunisation Recall Functional Form 

1: BCG, 
DPT, 
Mea. 

2: BCG, 
DPT, 

HepB, 
Mea. 

3: BCG, 
DPT, 
Mea., 
OPV 

4: BCG, 
DPT, 

HepB, 
Mea., OPV 

District-
wise 

clustering 

Village-
wise 

clustering 

Sandwich 
estimator 
(Huber/ 
White) 

Bootstrap 
estimation 

As Rec-
orded on 

Health 
Card 

Recall 
From 

Health 
Card 

Recall 
Without 
Health 
Card 

Probit 
Model 

Linear 
Model 

Column No. (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) 

pol 0.037* -0.050 0.044* -0.035 0.037 0.037 0.034 0.037* 0.037* 0.098** -0.006 0.007 0.020 0.003 

POLxAGE -0.003*** -0.001 -0.003*** -0.002 -0.003*** -0.003*** -0.003*** -0.003*** -0.003*** -0.005*** -0.002** -0.001 -0.002*** -0.000*** 

ch_sex -0.137*** -0.240*** -0.143*** -0.246*** -0.140*** -0.137*** -0.142*** -0.137*** -0.137*** -0.205*** -0.071 -0.184*** -0.081*** -0.020*** 

ch_age 0.102*** 0.108*** 0.096*** 0.105*** 0.103*** 0.102*** 0.103*** 0.102*** 0.102*** 0.121*** 0.095*** 0.065*** 0.057*** 0.014*** 

m_age_at_birth 0.011*** 0.008 0.012*** 0.009 0.011*** 0.011*** 0.009** 0.011*** 0.011*** 0.015** 0.012** 0.009* 0.006*** 0.002*** 

m_school 0.079*** 0.110*** 0.075*** 0.109*** 0.081*** 0.079*** 0.074*** 0.079*** 0.079*** 0.064*** 0.074*** 0.098*** 0.047*** 0.016*** 

m_anc 0.805*** 0.469*** 0.796*** 0.494*** 0.813*** 0.805*** 0.782*** 0.805*** 0.805*** 0.341*** 0.569*** 1.292*** 0.465*** 0.093*** 

m_pnc 0.183*** 0.145* 0.176*** 0.144* 0.175*** 0.183*** 0.139*** 0.183*** 0.183*** 0.161** 0.187*** 0.195*** 0.107*** 0.031*** 

ch_VACCadv 0.746*** 0.702*** 0.749*** 0.715*** 0.749*** 0.746*** 0.760*** 0.746*** 0.746*** 0.320*** 0.534*** 1.390*** 0.440*** 0.116*** 

ch_healtc_seen 1.869*** 1.304*** 1.831*** 1.287*** 1.845*** 1.869*** 1.875*** 1.869*** 1.869*** 
   

1.104*** 0.337*** 

ch_healtc_notseen 1.122*** 0.967*** 1.070*** 0.912*** 1.097*** 1.122*** 1.074*** 1.122*** 1.122*** 
   

0.660*** 0.178*** 

hh_SLI_quint 0.146*** 0.187*** 0.139*** 0.176*** 0.137*** 0.146*** 0.141*** 0.146*** 0.146*** 0.131*** 0.126*** 0.197*** 0.085*** 0.023*** 

hh_rel_notmuslim 0.374*** 0.140 0.369*** 0.111 0.359*** 0.374*** 0.362*** 0.374*** 0.374*** 0.350*** 0.326*** 0.453*** 0.211*** 0.053*** 

hh_caste_schedtribe -0.056 -0.142 -0.001 -0.053 -0.121 -0.056 -0.050 -0.056 -0.056 0.160 -0.187 -0.199 -0.042 -0.006 

hh_caste_OBC -0.028 -0.074 -0.023 -0.087 -0.050 -0.028 -0.035 -0.028 -0.028 0.043 -0.027 -0.059 -0.016 -0.001 

hh_caste_general 0.105* -0.035 0.114* -0.043 0.108* 0.105 0.122* 0.105* 0.105* 0.145 0.028 0.202* 0.064* 0.020** 

hh_rur_urb 0.108** 0.182** 0.117** 0.226*** 0.092* 0.108* -0.968 0.108** 0.108** 0.218** 0.240*** -0.075 0.060** 0.018** 

survey_dummy 0.053 0.555*** 0.005 0.481*** 0.064 0.053 0.083 0.053 0.053 0.599*** -0.110 -0.499*** 0.016 -0.005 

Constant -5.512*** -6.588*** -5.456*** -6.571*** -5.430*** -5.512*** -5.488*** -5.512*** -5.512*** -3.864*** -3.282*** -6.306*** -3.177*** -0.338*** 

N 34,327 33,735 32,631 32,123 34,327 34,327 27,249 34,327 34,327 6,520 9,838 17,969 34,327 34,327 

k 88 88 88 88 88 88 88 88 88 88 88 88 88 88 

df 87 87 87 87 87 17 87 87 49 85 85 85 87 87 

p-Value < 0.001 < 0.001 < 0.001 < 0.001 < 0.001  < 0.001 < 0.001  < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 

Pseudo R² 0.249 0.214 0.243 0.213 0.248 0.249 0.231 0.249 0.249 0.0962 0.127 0.217 0.251 0.274 

AIC 0.917 0.369 0.925 0.367 0.915 0.912 0.907 0.917 0.914 1.245 1.199 0.610 0.914 0.952 

Source: Own estimation. 

Notes. Coefficients reported. Chi² and p-value for district-level clustering and bootstrapping not reported. Linear model reporting adjusted R² instead of pseudo-R². District dummy variables not 

displayed. Coefficient values of different models cannot be immediately compared due to varying samples. 

*p < 0.05, **p < 0.01, ***p < 0.001.  
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Table C.5. Robustness Tests for SURxPOLxAGE Interaction Model. 

Restricted 
Interaction  

Model  
(SURxPOLxAGE) 

Varying Immunisation Indices 

Sample 
Weights 

Robust Standard Errors Immunisation Recall Functional Form 

1: BCG, 
DPT, 
Mea. 

2: BCG, 
DPT, 

HepB, 
Mea. 

3: BCG, 
DPT, 
Mea., 
OPV 

4: BCG, 
DPT, 

HepB, 
Mea., OPV 

District-
wise 

clustering 

Village-
wise 

clustering 

Sandwich 
estimator 
(Huber/ 
White) 

Bootstrap 
estimation 

As Rec-
orded on 

Health 
Card 

Recall 
From 

Health 
Card 

Recall 
Without 
Health 
Card 

Probit 
Model 

Linear 
Model 

Column No. (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) 

pol 0.099*** -0.005 0.105*** 0.009 0.098*** 0.099*** 0.096*** 0.099*** 0.099*** 0.190*** 0.048 0.067 0.055*** 0.013*** 

POLxAGE -0.008*** -0.005** -0.008*** -0.005** -0.008*** -0.008*** -0.008*** -0.008*** -0.008*** -0.014*** -0.006*** -0.005** -0.004*** -0.001*** 

SURxPOLxAGE 0.002*** 0.002** 0.002*** 0.002* 0.002*** 0.002*** 0.002*** 0.002*** 0.002*** 0.004*** 0.002*** 0.002** 0.001*** 0.000*** 

ch_sex -0.135*** -0.238*** -0.141*** -0.244*** -0.138*** -0.135*** -0.141*** -0.135*** -0.135*** -0.201*** -0.071 -0.182*** -0.079*** -0.020*** 

ch_age 0.140*** 0.133*** 0.134*** 0.130*** 0.141*** 0.140*** 0.141*** 0.140*** 0.140*** 0.193*** 0.126*** 0.099*** 0.078*** 0.020*** 

m_age_at_birth 0.011*** 0.008 0.012*** 0.009 0.011*** 0.011*** 0.008** 0.011*** 0.011*** 0.015** 0.012** 0.009* 0.006*** 0.002*** 

m_school 0.079*** 0.110*** 0.075*** 0.109*** 0.081*** 0.079*** 0.074*** 0.079*** 0.079*** 0.064*** 0.074*** 0.098*** 0.047*** 0.016*** 

m_anc 0.804*** 0.466*** 0.795*** 0.491*** 0.811*** 0.804*** 0.780*** 0.804*** 0.804*** 0.340*** 0.572*** 1.288*** 0.464*** 0.093*** 

m_pnc 0.184*** 0.144* 0.177*** 0.143* 0.175*** 0.184*** 0.141*** 0.184*** 0.184*** 0.163** 0.188*** 0.195*** 0.107*** 0.031*** 

ch_VACCadv 0.743*** 0.701*** 0.747*** 0.713*** 0.746*** 0.743*** 0.758*** 0.743*** 0.743*** 0.321*** 0.531*** 1.387*** 0.438*** 0.115*** 

ch_healtc_seen 1.883*** 1.313*** 1.846*** 1.297*** 1.861*** 1.883*** 1.889*** 1.883*** 1.883***       1.113*** 0.339*** 

ch_healtc_notseen 1.125*** 0.972*** 1.073*** 0.916*** 1.101*** 1.125*** 1.077*** 1.125*** 1.125***       0.662*** 0.178*** 

hh_SLI_quint 0.145*** 0.186*** 0.138*** 0.176*** 0.135*** 0.145*** 0.141*** 0.145*** 0.145*** 0.130*** 0.125*** 0.196*** 0.084*** 0.023*** 

hh_rel_notmuslim 0.374*** 0.140 0.369*** 0.111 0.358*** 0.374*** 0.360*** 0.374*** 0.374*** 0.360*** 0.324*** 0.453*** 0.211*** 0.053*** 

hh_caste_schedtribe -0.045 -0.139 0.010 -0.050 -0.110 -0.045 -0.038 -0.045 -0.045 0.170 -0.185 -0.175 -0.034 -0.005 

hh_caste_OBC -0.027 -0.075 -0.022 -0.088 -0.049 -0.027 -0.033 -0.027 -0.027 0.043 -0.026 -0.058 -0.015 -0.001 

hh_caste_general 0.103* -0.036 0.112* -0.045 0.106* 0.103 0.120* 0.103* 0.103 0.138 0.027 0.203* 0.063* 0.020** 

hh_rur_urb 0.105** 0.180** 0.114** 0.225*** 0.089* 0.105* -0.971 0.105** 0.105** 0.225** 0.237*** -0.079 0.058* 0.017** 

survey_dummy -0.394*** 0.227 -0.438*** 0.156 -0.380*** -0.394*** -0.369** -0.394*** -0.394*** -0.122 -0.491** -0.933*** -0.237*** -0.076*** 

Constant -5.990*** -6.914*** -5.935*** -6.898*** -5.897*** -5.990*** -5.956*** -5.990*** -5.990*** -4.638*** -3.677*** -6.781*** -3.451*** -0.416*** 

N 34,327 33,735 32,631 32,123 34,327 34,327 27,249 34,327 34,327 6,520 9,838 17,969 34,327 34,327 

k 89 89 89 89 89 89 89 89 89 89 89 89 89 89 

df 88 88 88 88 88 18 88 88 49 86 86 86 88 88 

p-Value < 0.001 < 0.001 < 0.001 < 0.001 < 0.001  < 0.001 < 0.001  < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 

Pseudo R² 0.250 0.215 0.244 0.213 0.249 0.250 0.232 0.250 0.250 0.101 0.128 0.218 0.252  0.275 

AIC 0.917 0.369 0.925 0.367 0.915 0.912 0.907 0.917 0.914 1.245 1.199 0.610 0.914 0.952 

Source: Own estimation. 

Notes. Coefficients reported. Chi² and p-value for district-level clustering and bootstrapping not reported. Linear model reporting adjusted R² instead of pseudo-R². District dummy variables not 

displayed. Coefficient values of different models cannot be immediately compared due to varying samples. 

*p < 0.05, **p < 0.01, ***p < 0.001. 
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Table C.6. Main Results for Diminishing Probability of Immunisation, Uttar Pradesh. 

Model Descrip-
tion 

Amended  
Full Model 

Amended Re-
stricted Model 

Amended 
POLxAGE In-

teraction 

Amended 
SURxPOLxAGE 

Interaction 

pol 
-0.058*** -0.059*** 0.128** 0.268*** 

(0.010) (0.010) (0.049) (0.065) 

ch_age 
0.255*** 0.250*** 0.438*** 0.483*** 

(0.020) (0.019) (0.048) (0.056) 

ch_age² 
-0.004*** -0.004*** -0.009*** -0.010*** 

(0.000) (0.000) (0.001) (0.002) 

POLxAGE 
    -0.019*** -0.033*** 

    (0.004) (0.006) 

POLxAGE² 
    0.000*** 0.001*** 

    (0.000) (0.000) 

SURxPOLxAGE 
      0.006** 

      (0.002) 

SURxPOLxAGE² 
      -0.000** 

      (0.000) 

N 28,916 34,327 34,327 34,327 

k 91 88 90 93 

df 90 87 89 91 

p-Value < 0.001 < 0.001 < 0.001 < 0.001 

Pseudo R² 0.239 0.251 0.251 0.251 

AIC 0.967 0.916 0.916 0.916 

Source: Own estimation. 

Notes. Coefficients reported. Standard errors in parentheses. District dummy variables not displayed. Coefficient values of 

different models cannot be immediately compared due to varying samples. 

*p < 0.05, **p < 0.01, ***p < 0.001. 
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Appendix D: Exploring Directions of 

Causality in the Quantitative Re-

sults 

This appendix explores the causal 

relationships underlying the quantitative 

results. The present investigation suggests 

that polio eradication activities have a neg-

ative effect on routine immunisation up-

take. However, high-ranking members of 

the NPSP argued in informal discussions 

that polio eradication activities become 

more intense where routine immunisation 

coverage is low. In other words, low im-

munisation coverage causes high polio 

eradication intensity, rather than being 

caused by it. Any negative association 

between the two may thus be prone to 

judgements of reverse causation. The tests 

in this appendix follow the argument that, 

although polio vaccine and full immunisa-

tion uptake are correlated amongst chil-

dren, their immunisation status is unlikely 

to attract a higher exposure to the polio 

eradication activities. Moreover, among 

homogenous groups of districts that exhib-

it low routine immunisation coverage, the 

reverse causality argument would suggest 

that there is no variance in polio pro-

gramme intensity, so that the link between 

programme exposure and immunisation 

uptake would vanish. The analysis of this 

sub-sample of districts shows that this is 

not the case. Although not a conclusive 

proof, this appendix therefore suggests that 

the argument of reverse causation is im-

plausible: high polio eradication intensity 

likely causes low immunisation attain-

ment. 

The principal argument underlying 

the reverse causality claim is that polio 

eradication activities gravitate towards 

regions with low routine immunisation 

coverage. According to this line of argu-

ment, additional polio immunisation ac-

tivities through the Polio Eradication Initi-

ative are required when low routine im-

munisation coverage is insufficient to raise 

population immunity against poliomyelitis 

to sufficiently high levels. 

This hints at a first problem. Popu-

lation immunity against poliomyelitis de-

pends on the routine polio immunisation 

coverage rather than full routine immun-

isation coverage. Thus, it appears more 

plausible that polio eradication activities 

are directed towards those regions where 

the coverage of the oral polio vaccine 

(OPV) is low. However, because the pre-

sent study uses a full immunisation index 

which excludes OPV, this argument only 

holds if OPV coverage and full immunisa-

tion coverage are highly correlated. Table 

D1 explores this possibility through an 

analysis of the correlation between OPV 

uptake and the four immunisation indices, 

showing that the correlation between OPV 

and Immunisation Index 1 (the main de-

pendent variable) is moderate to strong. 

Therefore, the possibility that polio eradi-

cation intensity is higher where full im-

munisation coverage is lower cannot be 

ruled out at this point.
1
 

However, this study does not focus 

on a high polio eradication intensity per 

se, but on the exposure to the polio pro-

gramme. Polio eradication intensity is a 

variable that varies at the district level. 

Thus, it may indeed be the case that a 

higher programme intensity is directed 

towards districts where immunisation cov-

erage is lower. Yet this would not translate 

directly into a higher exposure to the polio 

programme, which varies at the child level 

(depending on district, child age, and sur-

vey date). If this were the case, there 

would be a direct link between immunisa-

tion uptake and exposure to the polio pro-

                                                 
1
Table D.1 also suggests using immunisa-

tion indices with a low correlation to OPV cover-

age to address reverse causality concerns. Such 

robustness checks are discussed in Appendix C and 

largely replicate the presented findings. However, 

the inclusion of hepatitis B reduces the variation in 

the dependent variable and thus imposes limitations 

on the explanatory power of the results. 



Marco Haenssgen   Page 53 

 

gramme on the child level. Table D.2 indi-

cates that this is not the case: full immun-

isation attainment and polio round expo-

sure are not correlated. This provides first 

indication that the presented results do not 

imply that children are exposed to more 

polio rounds simply because their immun-

isation coverage is low. 

 

 

Table D.1. Correlation Between OPV and Immunisation Indices. 

Immunisation Index  
(Incl. Vaccines) 

OPV 

1 BCG, DPT3, Measles 0.78* 

2 
BCG, DPT3, Measles, 
HepB 

0.30* 

3 
BCG, DPT3, Measles, 
OPV 

0.80* 

4 
BCG, DPT3, Measles, 
HepB, OPV 

0.31* 

Source: Own estimation. 

Note. Only for Uttar Pradesh sample of children aged 10 to 30 months. 

*p < 0.05. 

 

Table D.2. Correlation Between Immunisation Index 1 and Exposure to Polio Rounds. 

 
Survey Round 

Age in 
Months 

DLHS II DLHS III Combined 

10 - 0.06 - 0.03  0.03 

11 - 0.05 - 0.11*  0.06* 

12  0.02 - 0.04  0.05 

13  0.07*  0.06  0.10* 

14  0.05  0.03  0.06* 

15  0.01  0.00  0.10* 

16 - 0.01 - 0.06  0.07* 

17 - 0.05 - 0.07* - 0.02 

18 - 0.04 - 0.06*  0.02 

19 - 0.07* - 0.02  0.02 

20  0.05 - 0.05  0.06* 

21 - 0.09* - 0.04  0.04 

22 - 0.04 - 0.05  0.03 

23 - 0.01 - 0.13*  0.01 

24 - 0.04 - 0.09*  0.02 

25 - 0.01 - 0.08*  0.03 

26 - 0.03 - 0.14* - 0.01 

27 - 0.01 - 0.13* - 0.01 

28 - 0.10* - 0.06  0.02 

29 - 0.09* - 0.14* - 0.01 

30 - 0.10* - 0.14* - 0.03 

All Ages  0.04*  0.02*  0.06* 

Source: Own estimation. 

Note. Only for Uttar Pradesh sample of children aged 10 to 30 months. 

*p < 0.05. 
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To provide further confidence that 

low immunisation coverage does not cause 

high exposure to polio eradication activi-

ties, sub-samples have been analysed that 

contain only districts with low immunisa-

tion coverage. If the argument of the re-

verse causality critique were correct, then 

the intensity of the polio eradication activi-

ties across this group of districts were uni-

formly high and no significant link be-

tween immunisation attainment and polio 

round exposure could be established. To 

explore this possibility, the bottom quintile 

of districts in terms of full immunisation 

coverage was selected for further analysis. 

However, the definition of what 

constitutes such a group of districts is not 

clear and the selection may still be biased. 

Therefore, Table D.3 presents the results 

for eight different interpretations of the 

“bottom-quintile” group of districts (see 

Appendix B for detailed results). District-

level immunisation coverage was estimat-

ed based on DLHS data, using the immun-

isation status as reported in the data set 

(“unweighted”) and applying sample 

weights for a more representative immun-

isation coverage estimate on the district 

level (“weighted”). Four different methods 

of selecting the districts have been used. 

Firstly, district-level immunisation cover-

age was estimated using the pooled data 

set that includes immunisation data from 

both survey rounds. This group of districts 

has “bottom-quintile” immunisation cov-

erage across both survey rounds. The se-

cond group comprises those districts that 

had “bottom-quintile” immunisation cov-

erage during the DLHS II (the first survey 

round). In contrast, the third group in-

cludes districts that were ranked in the 

bottom quintile only in the DLHS III (the 

second survey round). The composition of 

these two groups differs because low-

coverage districts during DLHS II may 

have improved and escaped the group of 

“bottom-quintile” districts by the next sur-

vey round, or some of the DLHS III “bot-

tom-quintile” districts may not have been 

amongst the lowest-coverage districts dur-

ing the DLHS II. The last group only in-

cludes those districts that have qualified as 

“bottom-quintile” in both DLHS II and in 

DLHS III (read “and” in a Boolean sense). 

Because this group is based on the inter-

section between the second and third set of 

districts, it comprises fewer districts than 

the former three groups (7 and 8 districts 

for the unweighted and weighted set of this 

group, respectively; the former groups 

comprise 14 districts each). All these eight 

sets of districts (four groups, each based on 

unweighted and weighted district immun-

isation coverage) include children across 

both survey rounds. The simple average 

(unweighted) immunisation coverage of 

the sampled children across these eight 

district groups ranges from 15.4% to 

18.4%. 

Table D.3 demonstrates that all in-

terpretations of such low-performance dis-

tricts exhibit a negative association be-

tween polio round exposure and full rou-

tine immunisation attainment, although 

age- and survey-specific effects tend to 

vary slightly. As the negative relationship 

is re-affirmed despite the selection of dis-

tricts with low immunisation coverage, it 

appears likely that a high exposure to polio 

rounds causes low routine immunisation 

attainment. 
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Table D.3. Selected Model Results for Low Immunisation Coverage Districts. 

Set of 
Districts 

Bottom Quintile of 
Combined Data Set 

Bottom Quintile of 
DLHS II 

Bottom Quintile of 
DHLS III 

Intersection of DLHS II 
and DLHS III Bottom 

Quintiles 

District 
Ranking 

Unweighted Weighted Unweighted Weighted Unweighted Weighted Unweighted Weighted 

Restricted Model 

pol -0.081*** -0.087*** -0.081*** -0.067** -0.074** -0.090*** -0.109*** -0.112** 

Interaction Model (POLxAGE) 

pol -0.006 0.018 -0.002 0.025 0.025 -0.014 -0.039 -0.028 

POLxAGE -0.003 -0.004** -0.003* -0.003* -0.004* -0.003* -0.002 -0.003 

Interaction Model (SURxPOLxAGE) 

pol 0.044 0.052 0.056 0.080 0.061 0.030 0.011 0.016 

POLxAGE -0.007*** -0.007** -0.008*** -0.008*** -0.007** -0.006** -0.007* -0.007* 

SURxPOL
xAGE 

0.002** 0.002 0.002** 0.002** 0.002* 0.002* 0.002* 0.002 

N 7,959 7,845 7,639 7,658 8,009 8,025 5,174 4,696 

Source: Own estimation. 

Notes. Coefficients reported. Estimating models for pooled data set using the respective ranking. Sample sizes vary owing to 

different sets of districts. Only main results displayed. Coefficient values of different models cannot be immediately com-

pared due to varying samples. 

*p < 0.05, **p < 0.01, ***p < 0.001. 

 

 


