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ABSTRACT

Evaluations cannot support evidence-informed decision
making if they do not provide the information needed by
decision-makers. In this article, we reflect on our own
difficulties evaluating the Geo-Referenced Infrastructure
and Demographic Data for Development (GRID3) approach,
an intervention that provides high-resolution demographic
and geographical information to support health service
delivery. GRID3 was implemented in Nigeria’s northern
states to support polio (2012—2019) and measles
immunisation campaigns (2017-2018). Generalising
from our experience we argue that Finagle’s four laws

of information capture a particular set of challenges
when evaluating complex interventions: the weak causal
claims derived from quasi-experimental studies and
secondary analyses of existing data (the information we
have is not what we want); the limited external validity

of counterfactual impact evaluations (the information

we want is not what we need); the absence of reliable
monitoring data on implementation processes (the
information we need is not what we can obtain) and the
overly broad scope of evaluations attempting to generate
both proof of concept and evidence for upscaling (the
information we can obtain costs more than we want to
pay). Evaluating complex interventions requires a careful
selection of methods, thorough analyses and balanced
judgements. Funders, evaluators and implementers share
a joint responsibility for their success.

INTRODUCTION

As part of a wider evidence-informed policy
movement, decision-makers and funders are
increasingly interested in evidence of results
to justify development funding.' As evaluators
and epidemiologists, we welcome these move-
ments’ influence in global health. However,
in our experience, there are still too many
instances where the evidence produced by
evaluators and researchers cannot support
evidence-informed decision making because
it fails to provide the information actually
needed by decision makers.” This is especially
problematic with complex interventions that
do not fit the one-cause one-effect paradigm
of biomedical research® and are thus less
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SUMMARY BOX

= Evaluators of complex interventions often rely on
quasi-experimental study designs with weak attri-
bution claims using existing data that are not spe-
cific enough to answer the evaluation questions (the
information we have is not what we want). One way
to prevent this is by early engagement of evalua-
tors, when there is still the opportunity to influence
implementation, to broaden the range of evaluative
methods that can be chosen.

= Evaluation questions are sometimes guided by pre-
ferred methodologies, rather than commissioners’
information needs (the information we want is not
what we need). Yet early engagement of commis-
sioners can help evaluators better understand infor-
mation needs and disentangle between questions
relating to impact or questions relating to process to
ensure a better alignment between evaluation ques-
tions, information needs and chosen methodologies.

= Routine monitoring systems should provide rich
sources of evidence on processes of implementa-
tion, but they are typically developed with a focus
on accountability demands (the information we need
is not what we can obtain). Programme theories of
change can help implementers articulate the main
assumptions behind a programme’s success and
develop informative monitoring systems.

= Conducting multiple types of evaluations at the
same time can be very costly and beyond what
funders typically earmark for evaluations (the infor-
mation we can obtain costs more than we want to
pay). Therefore, resource intensive approaches can
be prioritised at an early stage, when the interven-
tion is still on a small scale, while other less costly

approaches can be used later on a broader scale.

straightforward to evaluate.™ In this article,
we reflect on our own experience evaluating
a complex intervention in Nigeria—the Geo-
Referenced Infrastructure and Demographic
Data for Development approach (initially
GRID and subsequently GRID3")—to high-
light some common challenges for evaluators
and funders, and offer suggestions to improve
practice.
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The distinction of health interventions between simple
and complex is a matter of much scholarly debate. In
health, interventions such as medicines are sometimes
referred to as simple because it is possible to make direct
causal claims of attribution with experimental designs
and statistical inference.® However, it has also been
argued that medicines can equally be conceptualised
as complex interventions if we study aspects related to
patient access (eg, adequacy, acceptability, affordability).
As opposed to simple interventions, some authors distin-
guish between complicated and complex aspects of
interventions.” Complex interventions can be defined as
those exhibiting multiple interacting components, many
or difficult behaviours required by those delivering or
receiving the intervention, several groups or organisa-
tional levels targeted by the intervention, and various and
variable outcomes.'” Others have proposed that complex
interventions are highly dependent on human agency
and context'' and that they work by triggering context-
specific and continuously evolving mechanisms.'* A
variety of qualitative and quantitative methodological
approaches are often required to build a complete and
comprehensive understanding a complex intervention.
The focus is generally less on attribution (direct causal
links) and more on contribution to change (recognising
that multiple contributing factors produce results). It has
been argued that evaluations of complex interventions
can at best provide ‘partial and provisional’ results given
that human behaviour and context are ever-changing.'

GRID3 is an example of a complex intervention. It
started with the aim of supporting health sector micro-
planning and service delivery by providing high resolu-
tion demographic estimates and geographical settlement
patterns. From its initial beginnings supporting polio
campaigns in northern Nigeria in 2012, GRID3 was
used in several immunisation campaigns across the
country.”” '* GRID$ can be characterised as a complex
intervention, as it targets the behaviour of multiple actors
and aims to trigger mechanisms in all interacting WHO
health system building blocks: service delivery, human
resources, medical products, governance, financing and
information systems.15 Indeed, at its core, GRID3 is an
information system providing accurate geolocated popu-
lation estimates. Yet its primary aim was to support a
more rational allocation of human resources and medic-
inal products for immunisation campaigns in order to
contribute to better service delivery (and coverage) of
selected vaccines. In the process, it sought to reduce
both stock-outs and wastage of vaccines, thereby affecting
financing. But its implementation also had implications
for governance as it targeted decision-making processes
at various levels of the health system (campaigns, health
facilities, local health government and federal ministry,
etc).

In 2019, we (see Author note) were commissioned by
the Bill & Melinda Gates Foundation (BMGF) to evaluate
GRID3’s use and impact in the polio and measles immu-
nisation campaigns in Nigeria’s northern states between

2012 and 2019. Thereafter, we were tasked to provide
guidance to the Clinton Health Access Initiative (CHAI)
on the design and implementation of evaluations of their
own use of GRID3 in health campaigns planned in Ghana
(to scale-up screening sites for Sickle Cell Disease) and
Kenya (to support COVID-19 outreach planning).

The purpose of the GRID3 evaluation in Nigeria was to
provide evidence on whether GRID3 made a difference
to the polio and measles vaccination campaigns, and,
if so, how and why. Two studies had already established
that GRID3 could lead to better geographical coverage
of vaccination teams.”” '* The evaluation’s terms of
references intended to build further on this knowl-
edge and included questions related to the actual use
of GRID3 outputs in planning campaigns; the enablers
and barriers to their use; how, why and to what extent
GRID3 contributed to improved campaign outcomes;
the impact of GRID3; cost-effectiveness and opportuni-
ties for use in other campaigns. As shown in figure 1,
we planned a mixed-methods evaluation whereby
secondary analyses of existing data sources (regression
modelling) would establish the impact of GRID3. This
approach would provide answers to the question of
does GRID3 make a difference? We also included qualita-
tive evaluation methods (contribution analysis) to assess
use, enablers and barriers, and to explore how and why
GRID3 may have had such an impact. This two-stage,
mixed-methods approach aimed to ensure that even if
no effect of GRID3 could be discerned, we would still
be able to provide insights into why not and thereby
provide useful information for all stakeholders involved
in GRID3 moving forward.

Overall, the evaluation did not provide conclusive
evidence of an effect of GRID3 on campaign coverage in
the two instances examined. While we saw overall posi-
tive developments in both measles and polio campaign
coverage in Nigeria, we could not attribute these to the
more accurate population estimates and more precise
maps supported by GRID3 technology. Further details
on the evaluation approach and results can be found in
online supplemental file 1 and a summary of the evalua-
tion results is presented in box 1.

Despite a conducive environment facilitated by BMGF
staff, the evaluation was challenging, and we were not able
to answer all the evaluation questions. In this article, we
document our own evaluators’ perspective on this expe-
rience. Inspired by Opit'® and de Savigny and Binka,'”
we refer to Finagle’s laws of information to make sense
of our experience and to draw lessons for other similar
evaluations. Finagle’s laws of information are among the
many paradoxical theories of resistentialism which posit
that ‘things are against us’.'® Because of their jocular
undertone these theories are well suited for reflections
on lessons learnt and are a useful starting point for
the development of quality assurance plans.'” In the
following sections, we present the four laws, explain their
relevance to evaluations more generally, link them to our
own specific experience, and draw lessons for funders,
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Figure 1
Demographic Data for Development.

implementers, and evaluators. A summary visualisation is
presented in figure 2.

LAW 1: THE INFORMATION WE HAVE IS NOT WHAT WE WANT

A chief concern for evaluators is to choose the right meth-
odology to answer the evaluation questions. In the ideal
scenario evaluators are brought in by commissioners
(usually funders of the intervention) before intervention
roll-out, when there is still an opportunity to influence
implementation. This maximises the range of designs that
can be considered to answer the evaluation questions. In
the more common scenario, however, as illustrated by
our GRID3 experience, the evaluation is commissioned
when the intervention has either already started or
when there is no opportunity to influence implementa-
tion. This immediately eliminates many rigorous evalu-
ation designs.! *** As a result, evaluators often opt for
quasi-experimental methodologies (eg, before-and-after
studies, with or without controls) and are forced to rely
on secondary analyses of existing data. Unfortunately, in
this type of study design, the information we have is not what
we want for two main reasons: quasi-experimental designs
aim to support causal claims of attribution but often do
not provide strong evidence;* and available administra-
tive data may not be specific enough for the evaluation
questions.

Our GRID3 experience in Nigeria provides a salient
example of this type of situation. Indeed, overall, our
analyses did not provide conclusive evidence with regard
to GRID3’s effect on campaign coverage in the two
instances examined. While we saw overall positive devel-
opments with regard to geographical coverage for measles

1
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between use of GRID3 outputs and
improvements in immunization coverage?
Contribution analysis: Were the GRID outputs
actually used in the intended campaigns?
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Simplified GRIDS intervention logic and evaluation components. GRID3, Geo-Referenced Infrastructure and

and polio immunisation, we could not attribute these to
the GRID3 inputs (more accurate population estimates
and more precise maps). We identified two main reasons
for our inability to show an effect of GRID3. First, the
existing survey data reanalysed for this evaluation proved
biased for our purposes. Indeed, the sampling frame for
both Post Measles Campaign Coverage Surveys and Lot
Quality Assurance Surveys was based on official census
enumeration areas, and therefore, exhibited precisely
the limitation that GRID3 intended to address. More
specifically, the sampling frame did not include the addi-
tional populations and settlements identified by GRID3
(but missed by the official census) where one expects to
find most benefits in the terms of vaccination coverage
(assuming that populations missed by the official census
are the most remote and thus have poor access to health
services). Second, the available data only enabled anal-
yses at a high level of aggregation and were therefore
statistically underpowered. Indeed, the Post Measles
Campaign Coverage Surveys only provided estimates at
state level, reducing our sample size to 37 states. With
such a small sample size, the difference between the two
groups of states compared in the analysis needed to be
considerably large for it to be statistically significant—
which was not the case.

Drawing on our Nigeria experience, when subse-
quently approached by CHAI to provide advice on the
study design for GRID3 impact evaluations similar to
those requested by the BMGF, we used a decision tree
to systematically consider the various evaluation designs
(online supplemental file 2). This decision tree is not
exhaustive (many designs are omitted) and the options
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Box1 Summary of the Geo-Referenced Infrastructure

and Demographic Data for Development (GRID3) evaluation
findings

= We estimated the impact of GRID3 on polio and measles vaccination
campaigns by following a two-step analytical process. Our first an-
alytical step was to establish whether there was a change in immu-
nisation coverage with/without and before/after the implementation
of GRID3. Our second analytical step was to attempt to attribute any
changes in coverage to GRID3.

= GRID3 was deployed in two phases to support polio immunisation
campaigns: between 2012 and 2015 in nine northern states and
between 2015 and 2019 in other parts of the country. To evaluate
the use of GRID3 for the polio immunisation campaigns, we used
the polio programme’s Lot Quality Assurance Survey*® from 2012 to
2019. GRID3 was further used during the 2017—-2018 campaigns to
support measles immunisation in eleven northern states. To evalu-
ate the use of GRID3 in the measles immunisation campaigns, we
used t3r11e Post Measles Campaign Coverage Surveys of 2016 and
2018.

= We did not find significant differences between polio coverage es-
timates in areas where campaigns used GRID3 supported digital
microplanning and tracking (using the Vaccine Tracking System or
VTS) compared with those that did not. However, we did conclude
that microplanning and tracking had the potential to contribute to
fewer missed children in vaccination campaigns, since decreas-
es in the number of missed children as per Lot Quality Assurance
Surveys correlated with VTS geographical coverage indicators in
the nine northern states.

= We found evidence of improved measles campaign effectiveness
in states with GRID3 supported campaigns compared with states
without GRID3 support as we observed a small but significant in-
crease in vaccination coverage before and after GRID3 in GRID3
states compared with non-GRID3 states. However, we were unable
to statistically link improved population estimates and improved
vaccination coverage, meaning that we could not attribute improve-
ments in immunisation coverage to the GRID3 intervention.

are not mutually exclusive (a rigorous evaluation could
include both impact and theory-based evaluations).
Rather, it is intended as a pragmatic tool to anticipate
the needs and uses of an evaluation and to help clarify
what data is available, how it might be analysed and how
it fits into the purpose of a planned evaluation. This
process helped CHAI staff realise that their expecta-
tions regarding evaluation designs were unrealistic, and
they were able to consider alternative designs to provide
useful information. We also shared our decision tree with
the BMGF so that it could be used in the future planning
and commissioning of evaluations.

LAW 2: THE INFORMATION WE WANT IS NOT WHAT WE NEED

Typically, funders commission evaluations because they
need evidence of what works in order to scale-up effec-
tive interventions or replicate them in different settings.
As such, funders’ needs may include information related
to impact, processes or costs. Ideally, evaluation ques-
tions should follow from commissioners’ information
needs and should guide the choice of evaluation design.

3

However, in practice, this is not always the case, and eval-
uation questions are sometimes guided by preferred
methodologies that may not be most suited to generate
the information needed. In such cases, evaluators and
funders alike may find themselves in a situation where the
information we want is not what we need. As described in the
introduction, the GRID3 evaluation’s terms of reference
included questions regarding both process and impact.
We originally planned an explanatory mixed-methods
approach® with a quantitative modelling exercise to
answer questions relating to impact (ie, establish whether
GRID3 outputs made a difference), followed by qualita-
tive investigations to address questions regarding the
process (use of GRID3 outputs, barriers and enablers).
Yet, in practice, we put aside the qualitative component
as it was comparatively underresourced and hampered
by COVID-19 related social distancing measures.

Reflecting on our decision to prioritise the statistical
modelling part of our evaluation, we realise that we were
influenced by a dominant biomedical paradigm in impact
evaluations that considers counterfactual evidence of
attribution from (quasi-)experimental study designs
the gold standard for evaluations. Yet, it can be argued
that these study designs and this type of evidence do not
answer the most pressing questions for decision-makers
regarding scale-up or replication of interventions. The
main problem is that counterfactual evidence is not
externally generalisable (it only answers the question did
this intervention work here and now) and does not provide
information about the mechanisms of change (what
conditions are needed to ensure success elsewhere?). One way
forward, as has been argued by others, is to acknowledge
that human behaviour and context are ever-changing and
guide today’s complex development landscape.' '* There-
fore, evaluators need to embrace the broader range of
approaches from evaluation sciences and social sciences
and accept that evaluations may at best provide ‘partial
and provisional’ results.'® Alternative approaches include
theory-based evaluations that rely mostly on qualitative
research methods and focus on interventions’ processes,
providing information regarding how, why, where and for
whom interventions work. As such, their focus is gener-
ally less on attribution (direct causal links) and more
on contribution to change (recognising that multiple
contributing factors produce results).

Hindsight suggests that we should have engaged more
with BMGF staff to better understand their information
needs, while at the same time reflecting on the complexity
of the GRID3 intervention and the risks involved with
relying primarily on a quasi-experimental design. Critical
questions include: why is an evaluation needed? how will
the information be used? This can point more towards
questions relating to attribution and impact (for which
experimental and quasi-experimental study designs and
quantitative data are more appropriate) or questions
relating to contribution and process (for which theory-
based evaluation and qualitative research methods
are more appropriate). Having learnt our lesson, in
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Finagle’s laws of information

The information we want
is not what we need

The information we have
is not what we want

-~ ~
N N

\ N\
A H
]

The information we need
is not what we can obtain

The information we can obtain
costs more than we want to pay
~ ~

sty

Recommendations for funders, implementers and evaluators of interventions

v" Evaluators: interact with
funders to better understand
their information needs and
manage expectations
regarding the scope of
evaluations

v Funders: engage
evaluators before the
intervention starts so that
they can choose from a
broad range of evaluation
designs and can influence
data collection.

v Funders and evaluators:
work together to disentangle
between impact questions
and process questions

v Implementersand funders:

v’ Funders and evaluators:
work together to develop
evaluation plans that
incorporate a spectrum of
studies from smaller-scale
experimental studies to
larger-scale observational
studies

use theories of change to
make the intervention’s
assumptions explicit

Implementersand funders:
develop monitoring systems
that inform on operational
processes (not only fiduciary
risk)

Figure 2 Finagle’s laws of information —recommendations for funders, implementers and evaluators of interventions.

follow-up consultations with CHAI staff, our immediate
focus was on clarifying the most pressing evaluation ques-
tions and managing expectations. In this process, we also
tried to expose the trade-off between secondary analysis
of existing data and primary data collection: while lever-
aging existing data can lighten the evaluative load (in
terms of time, costs and opportunity costs) it can take a
toll on the evaluations’ ability to precisely address stake-
holders’ information needs. The decision tree in online
supplemental file 2 also supported these discussions.

LAW 3: THE INFORMATION WE NEED IS NOT WHAT WE CAN
OBTAIN

While external evaluations are important, routine
monitoring systems should also provide rich sources of
evidence on processes of implementation. However, in
our experience, such monitoring systems are typically
geared towards meeting accountability demands. Indeed,
donors are often very concerned that funds may be
misused through weak administration or corruption and
are therefore keen to develop systems to minimise this
risk and ensure delivery of outputs.”” As a consequence,
monitoring systems often provide limited evidence about
interventions’ operational processes on the ground. This
issue is compounded by a lack of specific and locally
adapted theories of change detailing hypothesised
changes and the assumptions behind such changes.*®
Yet such theories and assumptions—and accompanying
data to verify them—are key to understand causal chains:
Which health system building blocks are affected? Who
are the actors involved at various levels and how do they
interact with each other? Which outputs are expected to
follow which outcomes and which impacts are expected
to follow which outcomes? The unavailability of this data

shows that too often the information we need is not what we
can obtain, for both evaluators and funders.

In the GRID3 intervention such theories of change
and accompanying data from routine monitoring systems
were not available. GRID3 was assumed to contribute to
reduced morbidity due to measles or polio in Nigeria
(impact) because it increased vaccination coverage
(outcome), by reaching more children who would have
otherwise not been immunised (outputs). In fact, GRID3
can only trigger health system mechanisms if a number
of other assumptions are met, that is, if maps and popu-
lation estimates are: (1) an accurate source of health
information; (2) trusted and used by health managers
to procure vaccines and allocate human resources; and,
(3) trusted and used by vaccinators for service delivery
for underserved populations. Ideally, these assumptions
would have been described in a theory of change before
intervention roll-out and internal monitoring systems
would have provided evidence to test them. A review of
this data could then have helped identify implementation
bottlenecks. In the case of the Nigeria GRID3 evaluation,
it would also have helped us understand whether there
was an impact of GRID3 which we could not quantify, or
whether GRID3 was not implemented as planned. But, to
the best of our knowledge, no such data were collected
routinely for GRID3 in Nigeria.

Having learnt from this experience, in follow-up
consultations with CHAI staff, our priority was to facilitate
discussions around how the intervention and evaluation
would work in practice and how they might be integrated.
This included reflections on CHAI’s assumptions on how
and why they expected GRID3 to bring results. Through
these exchanges, we were able to advise on an expansion
of the internal monitoring indicators.
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LAW 4: THE INFORMATION WE CAN OBTAIN COSTS MORE THAN
WE WANT TO PAY

There will always be a trade-off between information and
costs. One could argue that a complex intervention such
as GRID3 can only truly be understood with a combina-
tion of the most rigorous counter-factual evaluation and
a thorough theory-based evaluations and a complete
costing study (such as cost-effectiveness or cost-benefit
analyses). But conducting multiple types of evaluations
at the same time can be very costly and beyond what
funders are willing to earmark for evaluations. In other
words, the information we can obtain costs more than we want
to pay. This is a common challenge, one reason being
that those developing and supporting new interventions
appear reluctant to invest sufficiently in producing proof
of concept evidence at an early stage and before scale-up.
Yet understanding an intervention means moving along
a ‘spectrum of evidence® from smaller-scale experi-
mental studies to largerscale observational studies,™
including various economic evaluations along the way.”
In between, a range of studies may be performed—with
multiple iterations of experimentation—to understand
the underlying processes and to refine the intervention
model. Herein lie important opportunities to contain
evaluations costs, as resource intensive approaches (eg,
randomised controlled trials) can be prioritised at an
early stage, when the intervention is still on a small scale,
while other less costly approaches can be used later and
on a broader scale (eg, qualitative studies).

The GRID3 evaluation in Nigeria exemplifies the diffi-
culties of conducting evaluations with broad scopes at a
rather late stage in programming. Implementation and
scale-up of GRID3 had been ongoing for 7years before
the evaluation was commissioned and the intervention
area had increased from 10 local government areas across
5 states in 2012 during the first polio campaigns to over
90 areas across 7 states in 2018. Two published studies
linked GRID3 outputs to better geographical coverage
of vaccination teams' '*—defined as an outcome in
our intervention logic (figure 1). Yet, to the best of our
knowledge, no studies had been conducted, prior to
commissioning this evaluation, linking the use of GRID3
outputs to vaccination coverage impact. As a result, the
terms of references of the GRID3 evaluation needed to
encompass a broad range of questions, ranging from use
of GRID3, enablers and barriers, contribution to change,
impact, cost-effectiveness and opportunities for other
campaigns. Yet, spreading the evaluation’s questions
across earlier smaller scale and later larger scale studies
could have not only minimised the risks of dependency
on one evaluation’s results, but would have also provided
the BMGF staff with evidence over those seven prior years
of intervention to better understand GRID3’s process
and impact and to refine the intervention.

In our follow-up consultations with CHAI staff, we were
cognisant that the time for proof-of-concept evaluations
had also passed. Indeed, by the time CHAI had consid-
ered commissioning evaluations, the interventions were

already under-way and to varying degrees scale-up was
the focus. Thankfully, by helping CHAI reflect on their
theories of change and advising them on how to fine-
tune their existing monitoring systems (as described in
previous sections), we were able to put them in a position
where they would have empirical evidence available to
support larger-scale observational studies. This approach
was made even more necessary and relevant given that
COVID-19 restricted opportunities to carry out primary
data collection. Enhancing the capacity of monitoring
systems already in place to provide needed data thus
made more sense both in terms of feasibility and cost.

CONCLUSION

As evaluators, we long for rigorous evaluations that can
inform evidence-informed practice in global health.
Yet evaluating complex interventions is, by definition,
a complex endeavour that requires careful choice of
methods, thorough analyses and balanced judgements.
A particular set of challenges can be narrowed down to
Finagle’s four laws of information: the weak causal claims
derived from quasi-experimental studies and secondary
analyses of existing data (the information we have is not
what we want); the limited external validity of counter-
factual impact evaluations (the information we want is
not what we need); the absence of reliable monitoring
data on implementation processes (the information we
need is not what we can obtain); and the overly broad
scope of evaluations attempting to generate both proof
of concept and evidence for upscaling (the information
we can obtain costs more than we want to pay). Evalu-
ation failure following from these challenges can be
mitigated if: (1) funders engage evaluators before the
start of an evaluation to enable evaluators to influence
study design and data collection; (2) evaluators interact
with funders to understand their information needs,
manage expectations regarding the scope of evaluations,
and disentangle between impact and process questions;
(3) implementers and funders use theories of change
to make the intervention’s assumptions explicit and to
develop monitoring systems that inform on operational
processes (not only fiduciary risk) and (4) funders and
evaluators work together to develop evaluation plans
that incorporate a spectrum of studies from smaller-scale
experimental studies to larger-scale observational studies.
In other words, Fingale’s information laws should serve
as a reminder that commissioners, evaluators and imple-
menters share a joint responsibility for the success of an
evaluation.
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Introduction

Purpose

The purpose of this workstream 2 is to provide evidence on whether GRID made a difference in
selected campaigns and, if so, how and why. This workstream consists of 6 evaluation questions,
which relate to: the actual use of GRID inputs; the enablers and barriers; how, why and to what
extent GRID contributed to improved campaign outcomes; impact of GRID; cost-effectiveness;
and opportunities for use in other campaigns. We followed a mixed methods evaluation
approach whereby the impact of GRID was modelled statistically (to answer the question ‘does
GRID make a difference’) whereas we planned to use qualitative evaluation methods to assess
use, enablers and barriers, as well as other reasons relating to ‘how and why’ GRID may have
made such an impact. The evaluation of cost-effectiveness and opportunities for use in other
campaigns was planned as contingent to finding an effect of GRID.

Due to Covid-19 travel restrictions we opted for an explanatory approach whereby the first stage
consisted of the quantitative impact evaluation of GRID made a difference, to be followed in a
second stage of investigations regarding use, enablers and barriers and other reasons relating
to ‘how and why’ of the impact, with qualitative research methods. In terms of the theory of
change in Figure 1, the quantitative modelling attempts to link GRID inputs with GRID impact
(more specifically the indicator ‘increased achievement of disease campaign outcomes’),
whereas the qualitative research questions will examine the different steps in the causal
pathway between inputs and impact. This two-stage mixed-methods set-up ensures that even
if no effect of GRID can be discerned, we can provide insights into ‘why not’ and thereby provide
useful information for all stakeholders involved in GRID moving forward.

Evaluation question

Within workstream 2, the effect of GRID on campaign outcomes is explored by Evaluation
Question 6: In each of Nigeria and DRC, what has been the impact of GRID on intervention
coverage, reach, equity, cost, reduction in wastage, or other campaign outcomes? Given that
data available to us for this evaluation question we were only able to assess the effect of GRID
on geographic coverage (intervention coverage) and immunisation coverage (other campaign
outcomes). Stakeholders’ perceived effect on reach, equity, cost and reduction in wastage will
be assessed qualitatively as part of the related Evaluation Question 5: In each of Nigeria and the
Democratic Republic of the Congo (DRC), how, why and to what extent did use of GRID in
planning contribute to achieving the intended primary campaign outcomes?

Itad September 2020 4
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Figure 1 - Conceptual framework guiding analyses for Evaluation Question 6

Analytical method

Our analytical approach to attribute effects of GRID on improved immunization coverage was
guided by data availability and the conceptual framework as visualized in Figure 1 above. This
conceptual framework focuses on three levels of the program’s theory of change which we were
able to operationalize quantitatively as follows for the statistical modelling:

e Input: changes in population estimates before and after GRID for measles
Supplementary Immunization Activity (SIA)

e Qutcome: geographical coverage of polio SIA immunization teams as denoted by a) the
proportion of settlements visited and b) the average area covered by settlement as a
percentage of the total settlement area)

e Impact: post-campaign immunization coverage as denoted by a) proportion of children
vaccinated (measles) and b) number of children missed per campaign (polio)

We estimated the impact of GRID on polio and measles vaccination campaigns by following a
two-step analytical process. Our first analytical step was to establish whether there was a
change in immunization coverage with/without and before/after the implementation of — or
‘exposure’ to - GRID. Our second analytical step was to attempt to attribute any changes in
coverage to GRID. These are described in further detail below.

Change in immunization coverage with/without and before/after GRID - For polio we analysed
SIA immunization coverage data from surveys conducted between 2012 and 2019. Exposure to
GRID intervention was defined in two ways, which reflect both the historical evolution of GRID
in Nigeria as well as the two components of the GRID intervention, as visualized above: a)
mapping (comprehensive settlement locations, infrastructure mapping and harmonized
subnational boundaries) and b) population estimates (high resolution population estimates and
high-quality geo-references census). GRID3’s fully fledged implementation in Nigeria is
commonly setin 2019, when WorldPop created the first set of ‘bottom-up’ population estimates
for the whole country based on two main sources of datal: micro-census surveys and

L https://www.pnas.org/content/115/14/3529.full

Itad September 2020 5

Albas, et al. BMJ Global Health 2023; 8:€010938. doi: 10.1136/bmjgh-2022-010938



BMJ Publishing Group Limited (BMJ) disclaims al liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) BMJ Global Health

geographical covariates derived by satellite imagery?. In order to produce GRID3 Nigeria
population estimates, Worldpop obtained both sources of data from polio vaccination tracking
system (VTS3), which has been tracking a selection of polio vaccination campaigns in Nigeria
since 2012. More specifically, during the 2012-2019 time period which is the focus of evaluation,
two phases can be distinguished reflecting the timepoints in which the two elements of GRID
were de facto introduced to support polio vaccination campaigns. These were used for the
following operational definition of GRID exposure for polio vaccination campaigns (Figure 2):

e Phase 1 (2012-2015) denotes exposure to the mapping component only of GRID: a
selection of campaigns in the 9 northern states of Nigeria were supported by: 1) digital
microplans based on satellite imagery were made at ward level to support field teams
and 2) field teams were geographically tracked using the VTS

e Phase 2 (2016-2019) denotes exposure to both mapping and demographic component
of GRID: 1) microplanning with digital maps and VTS geographical tracking was up-scaled
to cover a selection of campaigns in other parts of the country and 2) microplans
included updated demographic information from ‘bottom-up’ population models (Oak
Ridge National Laboratory models from 2016-2018 and Worldpop GRID models from
2018 onwards).

Defining exposure to GRID for the measles vaccination campaigns was more straightforward and
consist of exposure to both mapping and demographic component: GRID was used during the
2017/2018 campaigns to support campaigns in 11 northern states (Bauchi, Gombe, Jigawa,
Kano, Kaduna, Katsina, Kebbi, Plateau, Sokoto, Yobe and Zamfara) and the Federal Capital
Territory (FCT) (Figure 3). Microplans were made at ward level based on updated maps provided
by the polio program as well as updated population estimates from the 2016 Oak Ridge National
Laboratory models (i.e. exposure to both mapping and demographic component of GRID). GRID
was partially implemented in Adamawa, Borno and Niger but the purpose of the analysis, only
the 11 Northern states in which GRID was fully implemented were defined as ‘GRID states’.

Attribution to GRID — We followed two separate but related approaches to assess attribution for
the polio and measles vaccination campaigns. These were dependent on data availability and
are visualized with grey arrows in Figure 1 above. For polio vaccination campaigns, we assessed
whether change in immunization coverage were related to changes in in the immunization
teams’ geographical coverage. For the measles vaccination campaigns, we assessed whether the
change in immunization coverage was associated with changes in population estimates for two
subgroups:

e Post campaign immunization coverage: the percentage of children who were
immunized during the vaccination campaign regardless of prior vaccination status. This
provides inside into the overall coverage of the immunization campaign which aims to
reach all children between the ages of 9 and 59 months

e Zero-dose coverage: the percentage of children who were immunized during the
campaign who had never received the vaccination prior to the campaign. This provides
inside into the ability of the campaign to reach children who may not have been reached
otherwise.

Details of the statistical models fitted to estimate these associations can be found in Annex A

2 Note: Worldpop GRID ‘bottom-up approach differs from the general ‘top-down’ WorldPop Global approach used to produce internationally comparable population
estimates (https://wopr.worldpop.org/?/Population)

3 http://vts.eocng.org/
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Figure 2 - GRID implementation states for the Polio SIA Figure 3 - GRID implementation states for the 2017-18
Measles SIA

Data sources

Analyses were all done on existing data sources provided by the National Primary Health Care
Development Agency (NPHCDA), Novel-T or derived from the VTS. Table 1 provides an overview
of all datasets used and corresponding data sources.

Table 1 - Overview of datasets and data sources for measles analyses

Dataset Source

Nigeria 2006 census projected population estimates for 2012 - 2020 NPHCDA

Population estimates for 10* Northern states in 2016 (Oak Ridge National Novel-T
Laboratories model)

Population estimates for all Nigeria states 2019 (WorldPop GRID model) vts.eocng.org

List of VTS tracked SIA, teams deployment and geographic coverage of each vts.eocng.org
tracked polio SIA

MCV Microplans with population estimates 2015 & 2017 on state level Novel-T
Polio programme Lot Quality Assurance Surveys (LQAS) 2012-2019 NPHCDA
Post Measles Campaign Coverage Survey (PMCCS) 2016 and 2018 NPHCDA

* Estimates included Kaduna but not Plateau state, explaining the difference between the 9 states
included in the polio intervention group and the 11 states included in the measles intervention
group.

Technical notes on the use of LQAS and PMCCS for this evaluation can be found in Annex B and
Annex C. The main strength of these two datasets is that they provide timely independent
estimates of immunization coverage achieved by the two types of campaigns that are being
evaluated (Polio SIA and MCV). However, there are two main limitations:

1. Statistical power: The PMCCS only provides estimates at state level. From the 37 states
in total, 11 received the intervention ‘GRID’ and 26 did not. The chances of finding a
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statistical association are heavily dependent on the sample size. If the sample size is
small the difference between the study groups (i.e., states that have received GRID
support versus states that have not) needs to be considerable for it to be statistically
significant. The analysis may be ‘statistically under-powered’: they are not able to detect
a statistically significant difference if the difference is small, even if one exists.

2. Epidemiological power: The sampling frame for both surveys is based on the census
enumeration areas, which does not include the areas added in the microplans by the
improved mapping component of GRID —where one expects to find most of the benefits
of the intervention in term of vaccination coverage. In that sense the analyses
conducted on them can be defined as ‘epidemiologically under-powered’: they are not
able to capture the entirety of an effect even if there is one because of the limitations
in sampling frame’s geographical coverage®.

Key findings

Effect of GRID on Polio SIA immunization coverage

At impact-level, no effect of digital microplanning and tracking can be discerned on the polio
SIA LQAS immunization coverage estimates if we compare trends in Local Government
Authorities (LGAs) where campaigns were tracked in the VTS compared to those that were
not. Figure 4 shows the estimated number of children missed by the Polio SIA from 2012 to 2019
according to the LQAS (see also Annex D for maps of LQAS results per LGA per year and list of
VTS tracked SIAs). Figure 4 shows that the number of children missed by the polio SIA according
to LQAS decreased substantially in the first phase of GRID implementation (2012-2015) when
the digital microplanning and tracking of teams (by means of the VTS) was introduced in the 9
northern states. The drop in the number of missed children can be seen as much in the LGAs
with ‘regular’ campaigns and LGAs with the intervention, but there is evidence that the drop
was slightly steeper in the non-GRID states compared to GRID: 0.07 extra children missed per
month in the tracked campaigns compared to regular campaigns, i.e. 1.8% per year, based on a
n=60 denominator (See Annex D for details on LQAS and Annex E Model 2 for ). While this
provides evidence against impact of GRID, it is important to realise that the magnitude is small
and could be due to the fact that the GRID states are weaker performing states in general, which
is why they were selected for the intervention in the first place. In the second phase of GRID
implementation microplanning, geographical tracking and improved population estimates were
introduced sporadically in southern states, while the northern states largely returned to
‘regular’ campaigns. In this period, we observe no further decreases in the number of missed
children, no differences between LGAs with regular campaigns or those with the intervention.
This is confirmed statistically by interrupted times series analyses fitted to estimate change in
immunization coverage with/without and before/after GRID (See Annex E Model 2 for details).

4 Aware of this limitation of the LQAS surveys, WHO Nigeria and Novel-T collaborated on an initiative to include the
possibility of sampling ‘new’ clusters (not in census list of enumeration areas but identified following the VTS digital
mapping). However, this was only piloted in 2016 in Kano, whereas our evaluation uses data from 2012.
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Figure 4 - Estimated average number of children missed by Polio SIA (according to LQAS) in Phase 1 (2012-2015) and
Phase 2 (2016-2019) of GRID implementation

However, if we focus on the causal steps between improved geocoverage (outcome) and
improved vaccination coverage (impact), we see that that microplanning and tracking does
have the potential to contribute to fewer missed children, since decreases in the number of
missed children correlates with geographical coverage indicators in the 9 northern states. We
focus on the nine northern states for these analyses as this is where the VTS tracking was use
most intensively. Figure 5 and Figure 6 visualize trends in geographical coverage available from
the VTS by state for the nine northern states. There are two indicators of interest: the proportion
out of all settlements that is visited by vaccinators (proportion of visited settlements, Figure 5)
and the average proportional area of settlements that is covered by vaccinators as measured by
phones’ Global Positioning System (GPS) tracks (geocoverage, Figure 6). Analyzing the trends in
these two indicators, we see a general pattern whereby the proportion of visited settlements
and the geocoverage of visited settlements by LGA increased slightly over time from the start of
tracking (see Annex E Model 2 (a) for details). These trends on their own testify for the
usefulness of the VTS tracking as a monitoring tool and its use in practice to improve campaign
efficiency. Regressed against LQAS estimates of campaign coverage they provide information on
whether that tracking has the potential to contribute to positive campaign coverage outcomes.
Model 2(b) (see Annex A for details of model and Annex E for outputs) shows that only
geocoverage of visited settlements is significantly associated with decreases in the number of
missed children. It is unclear why only this coverage variable, and not the other one (proportion
of settlements visited) is associated with decreases in missed children. These analyses cannot
factor in any counterfactual comparisons (since there is not data on coverage in areas without
VTS tracking), the effect of geocoverage remains after correcting for the variable ‘year’,
suggesting that effects of geocoverage exist independently from (and in addition to) the secular
effect of time which was observed in both regular and tracked campaigns (Model 1). Therefore,
while these analyses are not robust enough to attribute any effects to VTS tracking, they so
support the hypothesis that VTS tracking contributed to positive campaign outcomes, and that
our inability to quantify this effect statistically may be due to limitations in power.
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Figure 6 - Geocoverage of visited settlements by month and by state in nine northern states (source: VTS)

Effect of GRID on Measles SIA immunisation coverage

At impact-level, there is evidence of improved measles campaign effectiveness in states with
GRID supported campaigns compared to states without GRID support, since we observe a
small but significant improvement in vaccination coverage before and after GRID in GRID-
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states compared to non-GRID states. For this analysis we used 2016 PMCCS data as the baseline
as it provides us with the campaign effectiveness in the absence of GRID. The 2018 PMCCS data
serves as the endline since GRID was implemented during the 2018 Measles Vaccine Campaign
(MVC) in 11 states. The 26 states which were not supported by GRID are treated as the
counterfactual. As such, this analysis resembles a classic controlled before-and-after study with
a difference-in-difference (DiD) estimate of effect. Children living in GRID states were less likely
to be vaccinated during the 2016 MVC (when none of the states received GRID support) as
compared to children who were living in non-GRID states. However, while overall post-campaign
immunization coverage increased slightly between the 2016 and 2018 MVC in GRID states the
post campaign coverage in the other states remained stable (Figure 7). In fact, Model 3a
suggests a small but significant improvement in the odds of children under 5 being vaccinated
after the campaign before and after GRID implementation in GRID states as compared to non-
GRID states, corresponding to a DiD effect of 3.9% (meaning coverage increased 3.9 percent-
points more in the GRID states compared to non-GRID states). This same effect cannot be
replicated on first time vaccination across the country (Figure 8) as can be seen from fitting
Model 3b (See Annex A for details of the model and Annex F for the model outputs).

100%
100%

86.2% 88.7%
80%
80% 87.8%
81.4% 56.3%
0% 56.1%
60%
40% 31.0% 30.0%
40%
20%
20%
0%
0% 2016 2018
2016 2018
GRID ===Non-GRID
GRID ===Non-GRID

Figure 8 - The percentage of children aged 9-59 months
who were immunised for the first time during the 2016
and 2018 MVC in GRID and non-GRID states

Figure 7 - The percentage of children aged 9-59 months
who were immunised during the 2016 and 2018 MVC in
GRID and non-GRID states

However, we are unable to statistically link improved population estimates (outputs) and
improved vaccination coverage (impact), meaning that we cannot attribute improvements in
immunization coverage to the GRID intervention. For these analyses we focused on the 11 GRID
states and for each of them we calculated two values: the change in the target population (x-
variable) and the change in average state-level vaccination coverage (y-variable), and then
correlated them with a linear regression model (as below described in Annex A Model 4). Figure
9 shows the difference in the estimated target population of children aged 9-59 months
between the 2016 and 2018 MVC (x). Since southern and Eastern states (where GRID was not
implemented) used census estimates for campaign planning, the difference between the 2016
and 2018 target population in these states reflects the state level annual growth rate. In the 11
states that implemented GRID prior to the 2018 MVC a considerable change in target population
estimates — both negative and positive - can be observed. Figure 10 shows the difference
between the 2016 post-campaign immunization coverage estimates and the 2018 post-
campaign immunization coverage estimates (y): four states aside, the 2018 MVC achieved higher
immunization coverage as compared to the 2016 MVC across the country. We calculated the
difference between the 2016 and 2018 post MVC campaign coverage for each state and found
an average increase in immunization coverage of 9.0 percentage points in GRID states compared
to an increase 8.2 percentage points in non-GRID states. Figure 11 also shows 2016 post-
campaign immunization coverage (y) but for children who were not previously vaccinated (zero-
dose) and unfortunately shows that it decreased more in GRID states than non-GRID states (7.5
vs. 3.4 percentage points). Error! Reference source not found. and Figure 13 show the
correlation (y vs. x) between the difference in MVC campaign coverage (as depicted in Figure 10
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and Figure 11) and the difference in target population (as depicted in Error! Reference source
not found.) from which no trend can be discerned. We regressed these differences against each
other in Model 4a (See Annex A for details of the model and Annex F for the model outputs) and
indeed found no correlation. Similarly, no correlation was found with zero-dose coverage
(Model 4b)

- E |
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Figure 11 - Difference in the post-
campaign zero-dose coverage
between the 2016 and 2018 MVC

Figure 10 - Difference in the post-
campaign immunisation coverage
between the 2016 and 2018 MVC in
percentage points

Figure 9 - Difference in the estimated
target population between the 2016
and 2018 MVC in thousands
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Figure 12 - Scatterplot of the difference between Figure 13 - Scatterplot of the difference between
the 2016 and 2018 MVC campaign coverage (Y) and the 2016 and 2018 MVC zero-dose coverage (Y) and
the absolute difference between the 2016 and the absolute difference between the 2016 and 2018
2018 target population estimates (x) target population estimates (x)

Discussion

Overall, our analyses do not provide conclusive evidence with regards to an effect of GRID on
campaign coverage in the two instances examined. While we are unable to show an effect, this
does not necessarily mean there is not effect — it simply means that, given the data available for
analyses it is not possible to tell either way. Our overall finding is therefore that limitations with
the data available in Nigeria mean that we cannot credibly show using quantitative methods
whether, or not, GRID has made a difference. The main limitation with the data is that the
metrics we used (post campaign coverage estimates) were both statistically and
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‘epidemiologically’> underpowered. Moreover, we did not have all the necessary counterfactual
information to estimate the effect of the geographic component on immunization coverage (i.e.,
number of settlements in the micro plans prior to the digital mapping and in the control areas).

While we see overall positive developments with regards to campaign coverage in Nigeria for
both measles and polio, we cannot attribute these to more accurate population estimates and
more precise maps. Indeed, measles SIA coverage improved slightly more in GRID supported
states compared to non-GRID supported states, but we were not able to correlate these
improvements to with changes in target population estimates. Similarly, there have been
notable decreases between 2012 and 2019 in the number of children missed by polio SIA, but
we were not able to conclusively attribute these to microplanning and VTS tracking.

Moreover, when interpreting the analyses presented here, it is important to bear in mind that
there are two main components of the GRID approach to supporting vaccination campaigns,
and we were only able to measure the effect of one at the time: the demographic component
for measles campaigns, and the geographical component for polio. The geographic component
which includes precise and complete maps and the demographic component consisting of more
accurate population estimates. Both components are hypothesized to lead to better resource
allocation and improved geographical coverage. The polio analyses were only able to partly
assess the effect of the geographic component, and while we were unable to assess the effect
of a demographic component, it was arguably not central to the polio intervention (see Annex
G for details). Conversely, the measles microplans attempted to leverage both the geographic
and demographic component of GRID, but whatever effect the geographic component may have
on improving campaign outcomes, we could not estimate it for lack of a counterfactual
(temporal or spatial): we do not know how many settlements were in the micro plans prior to
the digital mapping, nor in the control areas.

One of the reasons we are unable to show an effect of GRID may be that our analyses are
underpowered, both statistically (for measles) and epidemiologically (for both measles and
polio). Lack of power means either of two things: a) there may be an effect and we can detect
and b) maybe there is not effect. The measles analyses we performed state-level are statistically
underpowered due to the small sample size available for analyses. Indeed, due to data
availability (PMCCS campaign coverage estimates) these analyses could only be performed at
state level meaning we have only 11 data points for analyses. With so few data points, the effect
would have had to be a lot larger than what we observed (0.8 percentage points) to be able to
reach statistical significance. More specifically, with the sample size available to us the
difference between the average change in 2016 and 2018 MVC immunisation coverage in states
with and without GRID should have been approximately 9 percentage points - which is more
than 10 times the effect size observed. The polio analyses were adequately powered statistically
since we had LGA level data for all campaigns conducted in Nigeria from 2012 to 2019, yet these
were also not able to pick-up an effect of the intervention. But the lack of effect in both measles
and polio analyses might be explained by a lack of epidemiological power. Indeed, the sampling
frames used to collect the PMCCS and LQAS estimates were based on the census and by design
excludes new settlements identified by GRID where most of the effects are more likely to have
happened.

These limitations call for areconsideration of the primary main metric used to assess the effect
of GRID and suggest that immunization coverage may not be the right one, as it is both biased
and removed from the program’s area of influence. The fact that we see a correlation between

5 The sampling frame for both surveys is based on the census enumeration areas, which does not include the areas
added in the microplans by the improved mapping component of GRID — where one expects to find most of the
benefits of the intervention in term of vaccination coverage. In that sense the analyses conducted on them can be
defined as ‘epidemiologically under-powered’: they are not able to capture the entirety of an effect even if there is
one because of the limitations in sampling frame’s geographical coverage5 .
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improved geocooverage and improvements in polio SIA coverage suggests that GRID does have
the potential to increase vaccination coverage, but we are simply not able to detect — perhaps
because we were not able to assess changes in the ‘newly found’ areas (low epidemiological
power). Our analyses were conducted exclusively on available data (i.e., secondary analyses of
existing data), these relate only to immunization coverage data, and there are many as yet
unverified assumptions between the GRID inputs and this ultimate impact indicator. Other
campaign outcomes such as the total number of doses distributed, vaccine wastage and vaccine
shortages are a more direct result of better resource allocation and campaign planning following
GRID support. However, to the best of our knowledge, high quality data for these is not available
digitally for analyses at the moment.

High quality vaccine distribution data (including wastage and shortage) could be very useful
metric to analyses moving forward, but analyses of these data need to be contextualized
within the wider process of actual use GRID outputs for program planning. Vaccine
distribution, wastage and shortage data is very sensitive (especially in a context such as Nigeria
where population estimates are very politically and economically charged) and thus prospective
data collection directly from local health planning areas may be the best option to ensure high-
quality unbiased data. Apart from providing very direct information about the use of GRID
outputs for planning, this can also provide clues as to the accuracy of the new maps and
population estimates. Indeed, one of the fundamental questions that remains open given our
inability to detect and effect of GRID, regards the accuracy of the GRID outputs: are they actually
better than the existing ones? The analysis of shortages and wastage data at local level could
provide some insights: if new maps/population estimates overestimate actual population, we
would expect a shortage of vaccines, and the other way round, if the new maps/population
estimates underestimate actual population we would expect vaccine wastage. Ideally this should
be accompanied by 1) data collection in a counterfactual area where GRID outputs are not used
and 2) collection of information from actors at local level who are responsible for planning to
understand how they use the GRID outputs and how it changes they modus operandi.
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ANNEX A: Statistical models

Model 1 Yt = ﬂo aF )81M AP Bz Xt ar BgMXt ar ﬂ4G ar BscM ar )86 GXt ar ﬂ7GXMt T

Interrupted time series linear regression model:
In order to estimate the effect GRID on polio
vaccination rates we fitted an interrupted time
By (Gx1) series regression model as detailed above and
further described by Bernal et al® . Y; represents
the number of missed children at time t for a
given LGA, M is a variable representing the
number of months since January 2012 (the start
of the LQAS time series) and X is a dummy
variable indicating the period before and after
2015 (when GRID was scaled-up to the whole
country) G represents the intervention group
(G = 1) or control group (G =0). G is time
dependent, because LGAs sampled by LQAS are
not constantly supported by GRID.

Bs (XT)

intervention

Bo Bi(T)

outcome

=
G
N

time

Where f3, represents the number of missed children in Jan 2012 ( M=0) f; is the change in
number of missed children associated per time unit increase pre 2015 (representing the
underlying pre-intervention trend), S,is the level change after 2015 in the non GRID-
supported LGAs and f3 indicates the slope change following 2015 (using the interaction
between time and intervention: M X, ) S, represents the difference in GRID-supported LGAs
at M=0, B5 represents the slope difference between the GRID-supported and regular LGAs in
the pre-intervention period, B¢ represents the difference between the change in level in the
GRID-supported and non-GRID supported associated with the 2015, -, represents the
difference between the change in slope in the GRID-supported and non-GRID supported
associated with GRID.

The logic behind the model is as follows: We expect a steeper decrease in the number of missed
children in the GRID-supported LGAs both before 2015 (when GRID was used in the northern
states) and after 2015 (when GRID was upscaled to other states). Therefore Bs and 3, are the
parameters of interest for the measures of effect of GRID.

6 https://academic.oup.com/ije/article/47/6/2082/5049576
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(@) Y1, =Bg + 1 M';; Y2, =By + 1 M,

Model 2 (b) Yy = By + B1S; + B X1, + B, X1,

Linear regression model: In order to estimate trends over time in geocoverage as well as the relationship
between immunisation coverage and geocoverage we fitted two types linear regression models at LGA
level. Model (a) was used to estimate trends over time geocoverage statistics over time for campaigns
that were tracked with the VTS, where Y1, represents the indicator of geocoverage ‘proportion of
settlements visited per LGA’ at time t and Y2, indicates ‘average geocoverage of visited settlements per
LGA’ at time t; M’ is a variable representing the number of months since the first campaign tracking in
the LGA. Model (b) is an LGA level model used to estimate the relationship between immunisation
coverage and geocoverage indicators where Y; denotes the number of children missed according LQAS
surveys, S denotes the yearly secular trend (taking values between 2012-2019), X1, represents the
indicator of geocoverage ‘proportion of settlements visited per LGA’ at time t and X2, indicates ‘average
geocoverage of visited settlements per LGA’ at time t. These models were fitted using the Stata commend
meglm with nested random intercept effects for states and LGA to account for clustering.

The model of primary interest for attribution is Model (b). The logic behind this model is as follows: if
changes can be attributed to GRID, we would LGAs with fewer missed children by LQAS (=higher
immunization coverage) to have higher geocoverage indicators. Thus is the parameter of interest in these
analyses are beta2 and beta3 and we hypothesise that they should take a negative value to provide
evidence that GRID is contributing to higher immunization coverage.

Model 3 Y = B0+ B1x[GRID]+ B2 *[ATarget] + B3 * [GRID * ATarget]

Linear regression model. Were y is the outcome variable:
difference in overall campaign vaccination coverage
(model a) or zero-dose coverage (model b) between
// } B3 2015-16 and 2017-18 campaign at state-level. B0 is the
difference in campaign coverage of 2015-16 versus 2017-
} 3 18 in non-GRID states. 1 is the difference between the
------------ Non-GRID states o} p2 difference in campaign vaccination coverage between
GRID and non-GRID states. §2 is the change in the
difference between 2015-16 and 2017-18 campaign
f coverage for every 10,000 increase in the difference
Change in target population between 2015-16 between 2015-16 and 2017-18 target population. 3 is
and 2017-18 MVC
the difference between GRID and non-GRID states in the
change in the difference in campaign coverage for every
10,000 increase in the difference in target population.

Change in MCV coverage between 2015-16 and

2017-18 MVC

The logic behind this model is as follows: if changes to vaccination coverage can be attributed to GRID, we
would expect states with larger changes in population target to have achieved larger increases in
vaccination coverage, while at the same time not observing such an association in the non-GRID states.
B3 can inform us on this differential effect and as such is is the parameter of interest to estimate the effect
of GRID.
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logit(P(y =1) = B0+ B1x[Time] + B2 *[GRID] + B3 = [Time * GRID]

Logistic regression model. Were y is the outcome
variable: children aged 9-59 months who received MCV
during the campaign (y = 1, model a) or children aged 9-
59 months who received MCV for the first time during the
campaign (y = 1, model b). Exp(81) is the odds ratio of
the odds being vaccinated in 2017-18 over the odds of
being vaccinated in 2015-16, in non-GRID states. Exp($2)
is the odds ratio of being vaccinated in GRID states versus
non-GRID states during the 2016 campaign.Exp(f3) the
T difference between odds ratio of being vaccinated in

Pre-GRID Post-GRID 2016 versus 2018 in GRID states and the odds ratio of
being vaccinated in 2016 versus 2018 in non-GRID states..
The model was adjusted for the clustered sampling
design using the package ‘survey’ in R. The svygim model
returns ‘model-robust’ standard errors

Odds of vaccination

The logic behind this model is as follows: if changes can be attributed to GRID, we would expect
alarger increase over time in the GRID states compared to the non-GRID states. Beta3 can inform
us on this differential effect and as such is the parameter of interest to estimate the effect of
GRID.
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ANNEX B: TECHNICAL NOTES ON LQAS AND LINK BETWEEN LQAS
and VTS

Polio immunisation coverage was assessed between 2012 and 2019 by means of lot quality
assurance surveys (LQAS). LQAS have been shown to be useful and a statistically reliable tools
for monitoring polio vaccination campaign quality7. From and operational perspective, it helps
identify areas with high or low coverage quality. For monitoring purposes, it enables to track
trends in campaign quality over time. The LQAS methodology has been developed and piloted
tested for Nigeria specifically with the following characteristics since 2012: 1) One lot of 60
children is selected per LGA comprising of 6 clusters of 10 children each; 2) Six wards are selected
per LGA, using probability proportional to size (PPS), and 1 settlement per ward; 3) the random
selection of settlements is performed using a master list of settlements, rather than wards, so
all settlements in an LGA stand an equal chance of being selected; 4) new framework for lots of
60 children is as follows: 0—-3 unvaccinated: “accepted at 90%"”; 4—8 unvaccinated: “accepted at
80%"; 9+ = “not accepted at 80%"” An additional threshold of “accepted at 60%” and “not
accepted at 60%,” with an associated d value of 20+ unvaccinated children out of 60, was
adapted to differentiate between areas of particularly weak coverage. The outcome variable in
our analysis was the number of unvaccinated (missed) children per LGA as a numerical value
between 1 and 60 rather than in this above mentioned categories, in order to make the most
out of the data collected in the LQAS.

While LQAS are conducted after each polio immunization campaign, the VTS only has campaign
data for states/LGAs that are tracked. Each year since 2012, BMGF has supported tracking in a
set number of LGAs (which are selected by the national Polio EOC) for each campaign. The
maximum was 80 LGAs/campaign and that number has been gradually dropping over the past 5
years. In other words, the VTS only tracks campaigns a number of LGAs in any given round.

VTS tracking was implemented in nine Northern states between 2012 and 2015 and in the
remaining states thereafter — although not all states were covered across all years (Error!
Reference source not found. table). Thirteen out of 36 states were not covered by VTS
throughout the 2012-2019 period: Abia, Akwa Ibom, Bayelsa, Benue, Cross River, Delta, Ekiti,
Imo, Nasarawa, Ondo, Plateau, Rivers. Kaduna and Bauchi were mapped shortly after the 8 initial
states (Kebbi, Zamfara, Sokoto, Katsina, Kano, Jigawa, Yobe, Borno), but there were some
security issues in Kaduna and the mapping was never fully completed. While Kaduna
participated in all the campaigns that were conducted in the North, the Kaduna polio EOC also
declined all requests for tracking due to the security issues until 2019.

2012 Jigawa, Kano, Sokoto, Zamfara, Katsina,

2013 Jigawa, Kano, Sokoto, Zamfara, Katsina, Kebbi, Borno

2014 lJigawa, Kano, Sokoto, Zamfara, Katsina, Kebbi, Bauchi

2015 Jigawa, Kano, Sokoto, Zamfara, Katsina, Kebbi, Bauchi, Yobe

2016 Jigawa, Kano, Sokoto, Zamfara, Katsina, Kebbi, Bauchi, Yobe, Adamawa Borno Gombe
Taraba

2017 lJigawa, Sokoto, Zamfara, Katsina,, Bauchi, Yobe, Adamawa Borno, Kaduna

2018 Adamawa Borno Kaduna Sokoto Yobe Ebony Gombe Jigawa Katsina Bauchi Taraba
Zamfara Kano

2019 Adamawa Bauchi Borno FCT Kaduna Kwara Oyo Kaduna Kebbi Kwara Niger Sokoto
Zamfara Lagos Ogun Kogi Osun Anambra Edo Enugu

7 https://academic.oup.com/jid/article/210/suppl_1/5333/2194124
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ANNEX C: TECHNICAL NOTES ON PMCCS

The 2015-16 MVC was implemented in two parts, starting with 19 Northern states in November
2015 and followed by 17 Southern states in January 2016. In this round of MVC none of the
states had implemented GRID as part of their microplanning process. The PMCCS, which is
planned to be conducted directly after the MVC, was conducted in January 2016 for the
Northern states and in February 2016 in the Southern states. Data from this PMCCS is used as a
baseline for Model 3 (pre-GRID odds of being vaccinated) and Model 4 (pre-GRID vaccination
campaign coverage)

The process of microplanning using GRID started in April 2017 in preparation for the 2017-18
MVC. Alike the previous MVC, the 2017-18 MVC was first implemented in October first in the
Northern states followed by the Southern states in February 2018. The PMCCS 2018 were
conducted in the Northern states in January 2018 and in the Southern states in April 2018. This
dataset is used as the endline for Model 3 (post-GRID vaccination campaign coverage) and
Model 4 (post-GRID odds of being vaccinated).

MVC 1: MVC 2:
Nov 15 - Jan 16 Oct 17 - March 18
| GRID 1
1 implementation |
-~ -——
4 PMCCS 16 MICS 1 4 PMCCS 18 DHS
I — 1 1 ——
2015 2016 2017 2018 2019 2020

Figure 14 - Overview of implementation of Measles Vaccination Campaigns (MVC), Post Measles Campaign Coverage
Surveys (PMCCS), Demographic and Health Survey (DHS), Multiple Indicator and Cluster Survey (MICS) and GRID
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ANNEX D: LQAS coverage estimates by LGA and by year
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Pre-GRID deployment
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IResuIl of LQAS assessment for SIA for Poliomyelitis, 2014, Nigeria
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Result of LQAS assessment for SIA for Poliomyelitis, 2015, Nigeria
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Result of LQAS assessment for SIA for Poliomyelitis, 2016, Nigeria

Post GRID deployment
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Result of LQAS assessment for SIA for Poliomyelitis, 2017, Nigeria
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IResult of LQAS assessment for SIA for Poliomyelitis, 2019-2020, Nigeria
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Year Campaign

2012 Oct 2012 IPD (2012-10-06-2012-10-

10

Nov 2012 IPD (2012-11-17-2012-11-

21)

Dec 2012 IPD (2012-12-15-2012-12-

19)

2013 Jan 2013 IPD (2013-01-15-2013-01-

19)

Feb 2013 IPD (2013-02-03-2013-02-

08)

Mar 2013 IPD (2013-03-02-2013-03-

07)

Apr 2013 IPD (2013-04-13-2013-04-

18)

Apr 2013 IPD (FCT) (2013-04-13-

2013-04-18)

Jun 2013 IPD (2013-06-15-2013-06-

21)

Jul 2013 IPD (2013-07-06-2013-07-

11)

Sep 2013 IPD (2013-10-27-2013-09-

16)

Oct 2013 IPD (2013-10-27-2013-10-

31)

Nov 2013 IPD (2013-11-16-2013-11-

25)

Dec 2013 IPD (2013-12-14-2013-12-

23)

2014 Jan 2014 IPD (2014-01-25-2014-02-

03)

Mar 2014 IPD (2014-03-01-2014-03-

07)

Mar 2014 Mop-up (Kano) (2014-03-

22-2014-03-26)

Apr 2014 IPD (2014-04-11-2014-04-

17)

April 2014 Mop-up (Kano) (2014-05-

01-2014-05-04)

May 2014 IPD (2014-05-24-2014-05-

30)

Jun 2014 IPD (2014-08-09-2014-08-

14)

Aug 2014 IPD (2014-08-09-2014-08-

14)

Itad September 2020

Coverage (States)
Jigawa, Kano

Jigawa, Kano, Sokoto,

Zamfara

Jigawa, Kano, Katsina, Sokoto,
Zamfara

Sokoto

Kano

Katsina, Sokoto, Zamfara

Jigawa, Kano, Katsina, Sokoto,
Zamfara

N/A

Kano Katsina, Kebbi, Sokoto,
Zamfara

Kano Katsina, Kebbi, Sokoto,
Zamfara

Kano Katsina, Sokoto,
Zamfara

Kano

Borno Kano Katsina, Sokoto,
Zamfara

Jigawa, Kano, Katsina, Sokoto,
Zamfara
Jigawa, Kano, Katsina, Sokoto,
Zamfara

Kano

Kano, Katsina, Sokoto,
Zamfara

Bauchi, Kano, Katsina,

Sokoto, Zamfara
Kano

Kano, Katsina, Sokoto,
Bauchi Jigawa Kano Katsina

Sokoto
Jigawa Kano Katsina Sokoto

Coverage
(HLGASs)

6

16

24

28

N/A

21

24

40

40

41

40

16

37

60

60

60

58

25
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Aug 2014 Mop-up (Kano) (2014-08-
31-2014-09-04)

Sep 2014 IPD (2014-09-18-2014-09-
26)

Oct 2014 Mop-up (Kano) (2014-10-
11-2014-10-16)

Nov 2014 IPD (2014-11-01-2014-11-

07)
Dec 2014 IPD (2014-12-11-2014-12-
17)

2015  Jan 2015 IPD (2015-01-22-2015-01-
28)
Mar 2015 IPD (2015-03-12-2015-03-
19)
Apr 2015 IPD (2015-06-06-2015-05-
01)
Jun 2015 IPD (2015-06-06-2015-06-
11)
Jul 2015 IPD (2015-07-25-2015-07-
31)
Sep 2015 IPD (2015-09-05-2015-09-
10)
Oct 2015 IPD (2015-10-15-2015-10-
22)
Dec 2015 IPD (2015-12-03-2015-12-
10)

2016  Jan 2016 IPD (2016-01-21-2016-01-
27)
Feb 2016 IPD (2016-02-27-2016-03-
07)
Mar 2016 IPD (2016-03-19-2016-03-
24)

May 2016 IPD (2016-05-12-2016-05-
18)

Aug 2016 IPD (2016-08-27-2016-09-
02)

Sep 2016 IPD (2016-09-17-2016-09-
22)

Oct 2016 IPD (2016-10-15-2016-10-
25)

Nov 2016 IPD (2016-11-12-2016-11-
18)

Dec 2016 IPD (2016-12-01-2016-12-
07)

Dec 2016 IPD Phase Il (2016-12-16-
2016-12-26)

2017  Jan 2017 IPD (2017-01-28-2017-02-
05)
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Kano

Bauchi Kano Katsina Sokoto
Zamfara

Kano

Bauchi Kano Katsina Kebbi
Sokoto

Bauchi Kano Katsina Kebbi
Sokoto Zamfara

Bauchi Jigawa Kano Katsina
Kebbi Sokoto Zamfara

Bauchi Jigawa Kano Katsina
Kebbi Sokoto Zamfara

Bauchi Jigawa Kano Katsina
Kebbi Sokoto Zamfara

Bauchi Jigawa Kano Katsina
Sokoto Zamfara

Bauchi Jigawa Kano Katsina
Kebbi Sokoto Zamfara

Bauchi Jigawa Kano Katsina
Kebbi Sokoto Zamfara

Bauchi Jigawa Kano Katsina
Kebbi Sokoto Yobe Zamfara

Bauchi Jigawa Kano Katsina
Kebbi Sokoto Yobe Zamfara

Bauchi Jigawa Kano Katsina
Kebbi Sokoto Yobe Zamfara

Benue FCT Gombe Kogi Kwara
Niger Plateau Taraba

Bayela Cross-River Delta Edo
Ekiti Lagos Ogun Ondo Osun
Oyo

Bauchi Katsina Yobe

Adamawa Borno Gombe
Taraba Yobe

Adamawa  Kigawa  Kano
Katsina Yobe

Adamawa Borno FCT Gombe
Taraba Yobe

Adamawa Benue Borno
Gombe Taraba Yobe

N/A

Borno Sokoto

Bauchi Borno Sokoto Yobe
Zamfara

60

80

80

80

80

80

80

80

80

80

80

80

27

26

24

37

35

49

46

N/A

41

26
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Feb 2017 IPD (2017-02-23-2017-03- Adamawa, Bauchi Borno 66

08) Jigawa Kano Katsina Sokoto
Yobe

Mar 2017 IPD (2017-03-23-2017-03- Adamawa, Bauchi Borno 58
30) Jigawa Sokoto Yobe Zamfara
Apr 2017 IPD (2017-04-20-2017-04- Adamawa, BauchiBorno Yobe 42
29)
May 2017 Zamfara IPD (2017-05-13- Zamfara 5
2017-05-17)
May 2017 Sokoto IPD Phase 1 (2017- Sokoto 5
05-20-2017-05-26)
May 2017 Sokoto IPD Phase 2 (2017- Sokoto 18
05-27-2017-05-31)
Jul 2017 IPD (2017-07-08-2017-07- Borno Sokoto Yobe 55
16)
Microplan Tracking for Kaduna and Kaduna Sokoto 46
IPD for Sokoto (2017-08-14-2017-
08-27)
Microplan Tracking for Kaduna and Sokoto and Kaduna 46
Sokoto (2017-09-04-2017-09-17)
Microplan Tracking for Sokoto Sokoto 23
(2017-09-25-2017-10-01)
Oct 2017 IPD Phase 1 (2017-10-04- Adamawa, Borno 10
2017-10-11)
Oct 2017 IPD Phase 2 (2017-10-11- Borno Kaduna Sokoto Yobe 48
2017-10-22)
Nov 2017 IPD (2017-11-02-2017-11- Adamawa bauch Borno 63
15) Sokoto Yobe
Demo VTS Campaign definition 2
(2017-11-27-2017-11-29)

2018 VTS Campaign Dry run (2018-01-10- Borno Kano 4
2018-01-12)
Jan 2018 IPD Campaign (2018-01-20- Adamawa Borno Kaduna 58
2018-01-25) Sokoto Yobe
Mar 2018 IPD Campaign (2018-03- Adamawa Borno Yobe 31

02-2018-03-08)
Apr 2018 IPD Campaign (2018-04- Adamawa Borno Jigawa Yobe 34
06-2018-04-12)

May 2018 OBR Campaign (2018-05- Gombe Jigawa Sokoto 36
10-2018-05-15)
May 2018 OBR Campaign Phase 2 Gombe Jigawa Sokoto 36

(2018-05-26-2018-06-01)

Jun 2018 IPD Campaign (2018-06-30- Ebony Gombe Jigawa Sokoto 32
2018-07-04)

Jul 2018 IPD Campaign Borno (2018- Borno 11
07-14-2018-07-18)

Sep 2018 OBR Campaign (2018-09- Borno Jigawa Katsina Sokoto 47
01-2018-09-09) Yobe
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2019

Oct 2018 OBR Campaign (2018-10-
06-2018-10-12)
Nov 2018 IPD Campaign (2018-11-
03-2018-11-08)
Dec 2018 OBR Campaign (2018-12-
08-2018-12-18)

Jan 2019 OBR Campaing (2019-01-
23-2019-01-31)

Feb 2019 OBR Campaign (2019-02-
09-2019-02-13)

Mar 2019 IPD Campaign (2019-03-
16-2019-03-22)

Apr 2019 OBR Campaign (2019-04-
13-2019-04-17)

Apr 2019 Phase 2 OBR Campaign
(2019-04-27-2019-05-03)

April 2019 Phase 3 OBR Campaign
(2019-05-04-2019-05-08)

May 2019 OBR Phase 1 Campaign
(2019-05-08-2019-05-23)

May 2019 OBR Phase 2 Campaign
(2019-05-25-2019-05-30)

Jun 2019 OBR Phase 1 Campaign
(2019-06-14-2019-06-24)

Jul 2019 IPV/OBV Phase 1 Campaign
(2019-08-13-2019-08-14)

Sep 2019 OBR Campaign (2019-09-
14-2019-09-24)

Oct 2019 OBR/SIPD Campaign (2019-
10-12-2019-10-23)

Nov 2019 IPD Campaign (2019-11-
02-2019-11-06)

Dec 2019 OBR Campaign (2019-12-
07-2019-12-16)
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Bauchi Borno lJigawa Kano
Katsina Sokoto Yobe
Adamawa Borno

Adamawa, Bauchi Borno,
Gombe Kaduna Kano Katsina
Taraba Zamfara

Adamawa Bauchi Borno FCT
Kaduna Kwara Oyo

Kwara Oyo

Borno

Kaduna Kebbi Kwara Niger
Sokoto Zamfara

Borno Jigawa Kano Yobe
Adamawa Katsina

Lagos Ogun Oyo

Borno

Ogun Oyo

Borno

Kogi Kwara Osun Oyo Sokoto
Anambra Borno Edo Enugu
Kogi

Sokoto

Borno Kogi

92

17

48

48

10

22

42

10

10

12

23

12

23

48

43

10
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ANNEX E: Outputs for Model 1 and Model 2 (Polio)

Model 2

The interrupted time series model (See description of Model 1 in Annex A) reported in the table
below provides quantifications of the trends in the estimated average number of children
missed by Polio SIA (according to LQAS) in Phase 1 (2012-2015) and Phase 2 (2016-2019) of GRID
implementation. The number of missed children significantly decreased by 0.30 per month
before 2015 in the regular campaigns (betal). On average, there were 8.15 significantly fewer
missed children in the regular campaigns after 2015 compared to before (beta2) After 2015 the
number of missed children started decreasing significantly less than before (0.04 cases per
month which is derived by beta3+betal=0.26-0.30) in regular campaigns. On average the GRID
supported campaigns had 2.34 fewer missed children than the regular campaigns at baseline
(beta4). The number of missed children pre-2015 decreased a slightly faster rate in the regular
campaigns compared to the GRID-supported compared. The magnitude of this difference is
negligible (0.07 children per month) - albeit statistically significant (beta5). Post 2015 there are
no statistically significant differences in the number of children missed in both types of
campaigns (beta6), nor in the slopes over time (beta7) As described in Annex A the coefficients
of interest to evaluate the effect of GRID are beta5 and beta7. From the estimated effects of
these coefficients we concluded that a slight effect of GRID was observed pre-2015 when the
GRID was implemented in the northern states, where it appears to have contributed very slightly
to a faster decrease in the number of missed children. However, a noticeable strong down-ward
trend was already underway in the other states. Post-2015 there is not difference between the
GRID supported and regular campaigns.

95%Cl P-value

= Lower bound Upper bound

Outcome variable: Number of missed children by LQAS

Time (month since Jan 2012 ) 8; -0.30 -0.33 -0.26 0.0000
2015 (After vs. before) 3, -8.15 -9.50 -6.80 0.0000
2015*Time S5 0.26 0.22 0.30 0.0000
GRID supported 3, -2.34 -3.74 -0.94 0.0010
GRID supported*Time S5 0.07 0.01 0.13 0.0340
GRID supported*2015 B¢ 0.93 -1.22 3.08 0.3930
GRID supported*Time*2015 3, -0.04 -0.11 0.02 0.1990
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Model 2 (a)
95%ClI P-value
beta
Lower bound Upper bound

Exposure variable: time in months since start of tracking (2012-2014)*

Proportion of settlements visited
Bo 72.92 65.68 80.16 <0.0001
B 0.47 0.40 0.54 <0.0001

Geocoverage of visited settlements
Bo 63.06 54.79 71.33 <0.0001
B 0.61 0.53 0.70 <0.0001

Exposure variable: time in months since start of tracking (2015-2019)*

Proportion of settlements visited
Bo 66.70 55.71 77.65 <0.0001
B 0.14 0.11 0.18 <0.0001

Geocoverage of visited settlements
Bo 60.34 48.89 71.79 <0.0001
P 0.04 0.01 0.07 <0.0001

*Effect of time in Phase 1 (2012-2014) is statistically different from effect in Phase 2 (2015-2019)
(as per p-value provided by interaction term between time in months and Phase)

Model 2 (b)
95%Cl P-value

) Lower bound Upper bound

Outcome variable: number of missed children according to LQAS

Simple regression

Year -1.14 -1.19 -1.10 <0.0001
Proportion of settlements visited -1.09  -2.40 0.23 0.105
Geocoverage of visited settlements -0.04 -0.07 -0.01 0.019

Multiple regression

Year -0.61 -0.78 -0.45 <0.0001

Proportion of settlements visited 0.12 -1.17 141 0.858

Geooverage of visited settlements -0.06 -0.08 -0.03 <0.0001
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ANNEX F: Outputs for Model 4a and b, and Model 5a and b
(Measles)

The logistic difference-in-difference model (see description of Model 3 in Annex A) reported in
the table below provides quantifications of the trend in the odds of being immunized during the
MCV before and after GRID implementation and between GRID and non-GRID states. The model
was made for (a) children aged 9-59 irrespective of immunization status prior to the campaign
and (b) children age 9-59 who were immunized for the first time during the campaign.

Children in GRID states were 29% less likely to be vaccinated during the 2016 MVC as compared
to children in non-GRID states (OR: 0.71, 95%Cl: 0.65 — 0.77). The odds of being vaccinated
during the 2018 campaign as compared to the 2016 campaign increased by a factor of 1.29 in
non-GRID states and by a factor of 1.70 in GRID states. This means that the increase in the odds
of being vaccinated during 2018 campaign versus the 2016 campaign is 1.30 times higher in GRID
areas as compared to non-GRID states. In other words campaign effectiveness increased across
the country, but especially in GRID states.

The odds of being vaccinated for the first time during the 2016 MVC were 2.84 (95%Cl: 2.64 —
3.06) times higher in GRID states as compared to non-GRID states. There is no apparent effect
in first time vaccinations over time in both GRID and non- GRID states.

The results of these models suggest that while improved campaign coverage between the 2016
and 2018 MVC was achieved in GRID states over non-GRID states, most of these children had
already been vaccinated prior to the campaign.

95%ClI P-value

OR
Lower bound Upper bound

3a. Outcome variable: Children aged 9-59 months who received MCV during the last campaign

Constant 6.14 5.82 6.48 <0.0001
Time 1.29 1.18 143 <0.0001
Grid 0.71 0.65 0.77 <0.0001
Grid::Timef3 1.30 1.12 1.52 0.001
3b. Outcome variable: Children aged 9-59 months who received MCV for the first time during the last campaign

Constant 0.45 0.43 0.47 <0.0001
Time 0.95 0.89 1.03 0.207
Grid 2.84 2.64 3.06 <0.0001
Grid::Time 1.06 0.94 1.19 0.345

Time reflects the OR of receiving MCV (for first time) between the 2015-16 campaign and the 2017-18 campaign in non-GRID states. GRID
reflects the OR of receiving MCV (for first time) during the 2015-16 campaign between GRID and non-GRID states. Grid::Time reflects the
difference between GRID and non-GRID states between the OR of receiving MCV (for the first time) during the 2015-16 campaign and the
2017-18 campaign

The linear regression model (see description of Model 4 in Annex A) reported in the table below
provides quantifications of the correlation between a change in target population between the
2016 and 2018 measles vaccination campaign (MVC) and a change in the post-campaign
coverage between the 2016 and 2018 MVC among children aged 9-59 months (a) irrespective
of immunization status prior to the campaign and (b) who were immunized for the first time
during the campaign (zero-dose), on a state level.

For every 10,000 increase in the change in the estimated target population between the 2016
and the 2018 MVC, the difference in the post campaign coverage between the 2016 and 2018
campaign decreases with 0.70 percentage points in non-GRID states (betal) and increases with
0.01 percentage in GRID states (betal+beta3). In addition to not being statistically significant,
the differences are also negligible.
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A change in target population has no apparent effect on the change in zero-dose coverage. For
every increase in the change in the estimated target population between the 2015-16 and 2017-
18 campaign of 10,000, the zero-dose coverage increases with 1.04 percentage points in non-
GRID states (betal) and with 0.22 percentage points in GRID states (betal+beta3).

95%Cl P-value

8 Lower bound Upper bound

4a. Outcome variable: Absolute difference in state-level MCV campaign coverage in 2015-16 and 2017-18

Constant 11.92 5.00 18.84 0.002
ATarget population By -0.70 -1.89 0.49 0.259
Grid By -3.11 -13.67 7.44 0.567

071 -0.53 1.95 0.270

Grid:: ATarget population ﬁ3

4b. Outcome variable: Absolute difference in state-level MCV zero-dose campaign coverage in 2015-16 and 2017-18

Constant -8.90 -22.69 4.88 0.214
ATarget population B 1.04 -1.32 3.41 0.394
Grid By -2.90 -23.93 18.13 0.788

-0.82 -3.29 1.64 0.517

Grid:: ATarget population ﬁ3

Target population reflects the association between a change in 10,000 target population and a change in MCV coverage/zero-dose
coverage in non-GRID areas. GRID reflects the difference in the change in MCV coverage/zero-dose coverage between GRID and non-
GRID areas when there is no difference in target population. GRID::Target population reflects the difference in the association between
a change in target population and a change in MCV/zero-dose coverage between GRID and non-GRID states.
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ANNEX G: 2016 and 2019 GRID population estimates

Population estimates were made in 2016 for 10 northern states by Oak Ridge National
Laboratory models in from 2016-2018 and in 2019 by WorldPop for the whole of Nigeria as
shown in the figures below. The 2016 Oak Ridge National Laboratory estimates were generally
higher than the census estimates for all states, whereas the 2019 estimates were generally lower
than the census estimate (bar a few states were increases can be seen). The 2016 and 2019
estimates bear no similarity, which may also reflects the different modelling approaches used.
We were not able to estimate the effect of population changes in the polio analyses since 1)
there was no differential effects in intervention vs. control areas to attribute to populations
changes and 2) population estimates were only included in polio SIA microplans in Phase 2, and
as can be seen from the table in Annex D, tracking for this phase was spread out and not
repeated multiple times in a given areas (as opposed to in Phase 1 where tracking was done
systematically and intensively in the northern states) thereby diluting the power of any
attribution analyses.

Difference between 2016 GRID and census estimates (in thousands) % Difference between 2016 GRID and census estimates

- e
1000 2000 3000 4000

o
20 40 60 80

Difference between 2016 Oak Ridge National Laboratory population estimates and census
projections

Difference between 2019 GRID and census estimates (in thousands) % Difference between 2019 GRID and census estimates

b
s

"

L E
-4000 -2000 0 2000 -—

Difference between 2019 WorldPop GRID population estimates and census projections

Itad September 2020 33

Albas, et al. BMJ Global Health 2023; 8:€010938. doi: 10.1136/bmjgh-2022-010938



BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) BMJ Global Health

Royal
Tropical
Institute

1tad

Itad is a global organisation. Our strategy, monitoring,
evaluation and learning services work to make international
development more effective. We generate evidence on
important issues - from malnutrition to migration - to support
our partners to make informed decisions and improve lives.

Itad.com YW @ItadLtd mail@itad.com
Itad Ltd Itad Inc

Preece House c/o Open Gov Hub
Davigdor Road Hove, 1100 13th St NW, Suite 800
East Sussex UK Washington, DC, 20005
BN3 1RE United States

+44 (0) 1273 765250 +1(301) 814 1492

Albas, et al. BMJ Global Health 2023; 8:€010938. doi: 10.1136/bmjgh-2022-010938



BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) BMJ Global Health

What is the purpose of the planned GRID3 evaluation?

To attribute GRID3 to intended impacts To understand how and why GRID3 works in the context
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