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The Measles Analytics Hub's first annual
Measles Modelling Symposium features work
relevant to West Africa. The symposium
includes research in progress, recently
published research, and work relating to data,
modelling and methodological innovations.

In this booklet, presenters are featured
alongside their abstracts in alphabetical order.
Please consult the agenda for the order of
presentations.




Dayo Adeyemo

Lagos University, Nigeria

Barcode Optimization for Measles Vaccine
Administration Schedules at Primary Health
Care Centers in Afijio Local Government
Area, South West, Nigeria

Among the childhood vaccine-preventable diseases, measles causes the most
deaths in children especially under 5 years globally. Sub Saharan Africa country for
example Nigeria has highest burden of measles around the world despite
prevention and control by World Health Organization and United Nation Children
Education Fund. Hitherto measles immunization schedules at Primary Health Care
Centers in Afijio local Government, South West, Nigeria are not duly followed
according to Expanded National Immunization Program guild lines. The routine or
campaign administration of measles vaccines is fraught with irregularities and
discrepancies in dates of vaccination for administered measles 1 given at 9 months
and measles 2 given at 15 months respectively after birth from documented
registers.

To overcome this data collection challenges, a descriptive survey design was
carried out from Immunization Vaccination Schedule Registers at selected Primary
Health Care Centers in Afijio Local Government Areas, South West, Nigeria for over
15 months (03/03/2021-09/03/2023). They are Jafu Primary Health Care, Fiditi
Health Care Center, Fiditi; Idi-Igba Health Care Centers, llora. Quick Response
Barcode Inventory Management was adopted at point of measles vaccine
administration with population size of about 420. The process involves four stages:
they are - assigning the barcodes with labeling; scanning it at point of vaccine
administrations; receiving and updating the inventory; data collection, monitoring
and analysis. Date of Birth and Date of Measles Vaccine Administration/Given
(Date of Visit) were assigned with labeled barcodes and scanned at point of visit to
generate Quik Response data for measles vaccine coverage in the inventory. EXCEL
Spreadsheets are used for data collection and analysis.

Findings showed that Real Time Measles Vaccine Administration Schedules were
generated at due date of measles vaccination during routine or campaign
immunization in the Barcode Inventory System. Therefore, it alerts the measles
vaccination team of fast, accurate and visible due date of administration of
measles vaccination at 9 month and 15 months respectively. Thus, it enables
quality data collections for decision making by policy makers.

It reduces human error and ensures reliable, traceable, and precision control over
measles vaccine administration data collected at Primary Health Care Centers in
Afijio local government Areq, South West, Nigeria. Finally, it aids the Geo spatial
mapping of the locations.




Abraham Adokwei
University of Georgia, USA

Measles Vaccination Timeliness and Its
Impact on Burden in West Africa:
Comparative Analysis of Survey Data from
80 Low- and Middle-Income Countries

Vaccination is the most effective intervention against measles. Achieving measles
elimination goals require not only high vaccination coverage (95%) but also timely
administration of vaccines at recommended ages. Conventional measures of vaccination
program success typically rely on crude estimates of vaccination coverage by a
benchmark age (e.g., 12-24 months by WHO/UNICEF estimates of national immunization
coverage), often ignoring timeliness. Vaccination timeliness is a critical component of a
vaccination program because vaccine effectiveness and risk of infection is tied to age of
the child. Given that early or delayed vaccination can respectively compromise vaccine
effectiveness or prolong susceptibility to infection, this study focuses on quantifying
measles vaccination timeliness in West Africa and its implication for outbreak risk.

We analyzed 290 datasets from the Demographic and Health Surveys (DHS) and Multiple
Indicator Cluster Surveys (MICS), conducted between 2004 and 2023, to estimate age-
specific coverage of the first and second routine measles vaccine doses across 80 low-
and middle-income countries (LMICs). To address missing or implausible vaccination
dates, we applied the Turnbull estimator, which avoids biases introduced by commonly
used methods such as imputing missing dates or excluding children without vaccination
cards. We compared age-specific coverage estimates over time and against WHO/UNICEF
Estimates of National Immunization Coverage (WUENIC). These estimates were then
integrated into a measles scenario modeling framework to assess how untimely
vaccination influences measles burden and outbreak risk. The analysis focuses in
particular on how measles vaccination timeliness and its impact on measles disease
burden in West African countries compare to those in other regions globally.

We find delays in measles vaccination persist across most West African countries overtime
but are improving. Preliminary results reveal substantial variability in timeliness across
countries in West Africa. While countries like Gambia and Ghana administer vaccines on
time, countries like Mali and Nigeria have opportunity to vaccinate children on time. Across
all countries and years, WUENIC estimates of measles routine dose 1 vaccination coverage
are more correlated with coverage at 24 months than 12 or 18 months old. Initial scenario
modelling results show that when measles routine dose 1 vaccination coverage by 24
months is reached at recommended age of vaccination, we find reductions in measles
burden and future risk of outbreaks.

Our findings highlight the need to move beyond vaccination coverage metric defined for a
12-month age group and explicitly incorporate vaccination timeliness into routine
monitoring and program evaluation. Immunization strategies should prioritize
interventions that minimize delays. Correctly accounting for incomplete data in
vaccination surveys is crucial for accurate policy guidance. Strengthening both coverage
and timeliness is essential in sustaining measles control and progressing toward achieving
the immunization agenda 2030 which seeks to reach every child anywhere with vaccines.




Justice Moses K. Aheto
University of Ghana

Geospatial analyses and mapping of recent
household surveys to assess changes in the
distribution of measles zero-dose children and
predictors before and during the COVID-19
pandemic in Nigeria

The persistence of geographic inequities in the first dose of the measles-containing vaccine
(McV1) vaccination coverage often evidences the presence of zero-dose and missed
communities and vulnerabilities to vaccine-preventable diseases. These inequities were
exacerbated in many places during the COVID-19 pandemic, due to severe disruptions to
vaccination services. Understanding changes in MCV1 zero-dose prevalence and
associated risk factors in the context of the COVID-19 pandemic is therefore critical to
designing effective strategies to reach vulnerable populations.

The study utilized data from the nationally representative household surveys conducted
before the COVID-19 pandemic in 2018 (i.e., the 2018 Demographic and Health Survey - DHS)
and during the pandemic in 2021 (i.e., the 2021 Multiple Indicator Cluster Survey - National
Immunization Coverage Survey (MICS-NICS)) in Nigeria. Also, the study assembled suits of
geospatial covariate data obtained from various sources and relevant geospatial
population data to permit estimation of national estimates of zero-dose children and by
districts in Nigeria. Bayesian geostatistical models were employed to model, predict and
map the distribution of MCV1 vaccination coverage and corresponding zero-dose estimates
independently at 1x1 km resolution and the district level during both time periods. To
facilitate the operationalization of these findings, our study produced interactive web-
based maps to further assist with the identification of towns, communities and, potentially,
settlements in the problematic areas. We also explored changes in the factors associated
with non-vaccination at the national level using multilevel logistic regression models.

Our results revealed no increases in zero-dose prevalence due to the pandemic at the
national level, although considerable increases were observed in some districts. We found
substantial subnational heterogeneities in vaccination coverage and zero-dose prevalence
both before and during the pandemic, showing broadly similar patterns in both time
periods. Areas with relatively higher zero-dose prevalence occurred mostly in the north and
a few places in the south in both time periods. We also found consistent areas of low
coverage and high zero-dose prevalence, revealing areas in greatest need. At the national
level, maternal education and age, maternal receipt of tetanus toxoid vaccination,
household wealth, access to bank account, length of stay, and birth quarter were
associated with the odds of zero dose in both time periods. Phone/internet, antenatal visits,
skilled birth attendance and travel time were mostly relevant before the pandemic while
religion, marital status, and access to media were relevant during the pandemic.

As immunization programs around the world continue to recover from the disruptions to
immunization services caused by the COVID-19 pandemic and getting back on track to
achieving the goals and targets set out in the Immunization Agenda 2030, our study has
provided programmatically-important insights that can aid policy makers to plan and
implement effective strategies to reach zero-dose and missed communities in Nigeria.
Thus, efforts aimed at reducing MCV1 zero-dose prevalence should target areas where
higher zero-dose estimates were estimated, whereas strategies to improve equity in
coverage should focus on the low coverage areas.




Emmanuel Afolabi Bakare
Federal University Oye Ekiti, Nigeria

Predictive Modelling of Measles Outbreaks
and Early Warning Systems for Timely
Response: A Case of Borno State, Nigeria

Measles is a vaccine-preventable disease that is highly contagious and serious
airborne disease that can lead to severe complications and death. Measles
outbreaks remain a significant public health concern in Nigeria, particularly in
four different local government areas (LGAS) in Borno State. The aim here is to
comprehensively study hidden patterns and trends in the cases of measles and
understand the underlying dynamics of measles spread and progression in
Borno state, Nigeria.

This study develops predictive models and an early warning system to forecast
measles outbreaks, enabling timely response and control. Using historical
measles data, we applied wavelet analysis and ARIMA models to identify hidden
patterns, understand underlying dynamics of measles spread and progression
and predict outbreak likelihood.

Our results showed that some LGAs exhibit strong, stable multiannual cycles
and the predictive models accurately forecasted measles outbreaks, and the
early warning system provided timely alerts for prompt public health
interventions.

The findings suggest that integrating predictive modeling and early warning
systems into existing surveillance systems can enhance measles control and
prevention efforts in Borno State. This study's results have implications for public
health policy and practice, informing targeted interventions and resource
allocation to mitigate measles outbreaks. This detailed temporal analysis can
help tailor interventions and understand the complex dynamics of malaria
transmission in Borno State, Nigeria. Keywords Measles outbreaks, wavelet,
arima, predictive modeling, early warning system, public health, Borno State,
Nigeria.




Catherine Eisenhauer

Epicentre, Médecins Sans Frontieres, France

Predicting measles in Niger: Challenges
faced and lessons learned from building
operational modelling tools for a
humanitarian setting

Modeling has improved our ability to understand and predict epidemics. Its impact,
however, is often mediated by issues of data quality and implementational feasibility--
especially in humanitarian settings. Here, we explore the lessons learned from a measles
modeling project in Niger: Anticipation Rougeole. Niger faces an annual measles season.
Hotspot locations, however, are inconsistent from year to year and the country relies
heavily on emergency campaigns whose impact is easily compromised by delays in
outbreak detection. Anticipation Rougeole aimed to assist measles epidemic
management through data-driven modeling tools.

The study had three objectives: 1. Risk Mapping: Spatial profiles of epidemic risk to inform
preventive vaccination. 2. Early Warning: A simple system to detect outbreaks while
minimizing false alerts. 3. Forecasting: Real time models to assess time to peak and
epidemic size. Models were calibrated with multiple decades of data and compared to
simple baseline methods. Tools were evaluated not only on their quantitative
performance, but also by their ability to respond to operational needs and be
implemented long term at low overhead.

In collaboration with the Ministry of Health and local sections of Médecins Sans Frontiéres,
objectives and evaluation metrics were adapted dynamically to maximize operational
utility. Via this collaboration the team compiled a district-level dataset on cases,
immunization, and demography from 2005 to 2023 for model calibration. Several risk
cartography and forecasting models were implemented. Somewhat surprisingly, despite
the wealth of data available, most sophisticated models failed to outperform simpler
approaches. Investigations into data quality revealed major problems of accuracy as
well as repeated restructurings of administrative districts, both of which likely impacted
model performance. By contrast the early warning system emphasized simplicity from
the start, relying only on routine case data and basic evaluation metrics. A two level alert
system was successfully validated and implemented in a dashboard during the 2024
measles season. Local teams were trained on the dashboard and follow-ups are
scheduled in 2025 to reinforce uptake.

Anticipation Rougeole taught us important lessons about both the value and challenges
of modelling in data frail humanitarian environments. It underscored the importance of
critically evaluating data limitations and working closely with operational teams
throughout model development to ensure that tools would be not only useful but also
actually used. It also highlighted that simpler tools may at times be the most robust. The
successfulness of these simpler models may ultimately prove compelling as these will
also be the solutions that are easiest to explain, implement, and maintain in
humanitarian contexts.




Indrajit Ghosh

Ahmedabad University, India

An age-stratified mathematical model to
inform optimal measles vaccination
strategies

Measles remains a significant global public health threat despite the availability
of an effective vaccine. WHO recommends the first measles vaccine dose at 9—
12 months of age, balancing maternal antibody interference and immune
system maturity. However, infants younger than 9 months remain highly
vulnerable, especially in regions with high transmission and low herd immunity.

This study introduces an age-stratified, multi-compartmental model of measles
transmission that captures infections in unvaccinated infants by explicitly
modelling maternal immunity decay and early infection risks. The positivity of
the model solutions is proven, and an analytical expression for the effective
reproduction number is derived. Using a bootstrap algorithm, critical
parameters and age-specific transmission rates are identified by fitting the
model to yearly incidence data from Nigeria. Scenario analysis evaluates the
impact of early MCV1 vaccination at 6 - 9 months and preponing

supplementary immunization activities (SIA) age to 6-59 months on measles
incidence.

Various vaccination strategies, including routine and supplementary dose
schedules, indicate that administering SIA for children aged 6-59 months
instead of 9-59 months significantly improves outcomes. The study estimates
the relative number of cases averted, highlighting that combining routine and
supplementary immunizations for children aged 6-59 months is a highly
effective strategy to reduce the measles burden in Nigeria.

Administering SIA in the age group 6-59 months every three years seems more
beneficial than preponing MCV1 age to 6-9 months in reducing measles cases
in Nigeria.




Emily Haeuser

Institute for Health Metrics and Evaluation, USA

Mapping district-level measles-containing
vaccine coverage via combined routine and
supplemental immunization

While strong routine immunization (RI) services are a key part of measles control and
elimination strategies, supplemental immunization activities (SIAs) continue to play a
major role in many countries. Millions of doses of measles vaccines are dispensed in
West African countries each year to prevent or respond to outbreaks, or for other catch-
up purposes. Granular geographic and demographic estimates of vaccine coverage are
needed to understand population susceptibility rates and inform immunization planning.
While tools exist for assessing SIA participation rates (such as post-campaign coverage
surveys) and for tracking Rl coverage (such as house-hold surveys, country-reported
administrative data, and/or modeled national or geospatial estimates), integrated
estimates of Rl and SIA coverage by age and geography are lacking. Here, we present a
cohort modeling framework to estimate combined RI and SIA coverage for 16 West
African countries by age and subnational location over time.

This method incorporates geospatial estimates of Rl measles-containing-vaccine (MCV)
coverage, demographic data derived from the Global Burden of Disease Study and
Worldpop, World Health Organization-reported SIA information, and post-campaign
coverage survey results to estimate combined RI+SIA MCV coverage by dose, age, and
district over time within each country. SIA doses were distributed among previously-RI-
vaccinated and previously-RI-unvaccinated individuals according to SIA-specific dose
information and campaign efficiency estimates derived from survey data.

We estimated combined RI and SIA coverage of first and second doses of the measles
vaccine (MCV1 and MCV2, respectively) at the district level for 16 West African countries
for years 1980-2023 by weekly age cohorts from birth through age 65 years. Campaign
efficiency metrics were derived from 67 house-hold surveys and four post-campaign
coverage surveys with sufficient individual data regarding both RI and SIA participation.
These results show dramatically higher combined RI and SIA coverage than RI-only
coverage in many locations and years, but with broad variation across space, time and
age. Even before MCV2 was introduced more recently into Rl schedules in many West
African countries, many children had received two MCV doses through participation in
both Rl and SIA services.

These estimates aim to provide a more complete picture of MCV coverage and patterns
of MCV-zero-dose children compared to estimates of Rl or SIA coverage individually.
Nevertheless, this framework relies heavily on information regarding campaign efficiency,
which (absent location-specific information) was derived from pooled global estimates.
We propose this framework as a valuable tool for use in partnership with local authorities
and stakeholders, who may be able to fill these knowledge gaps and more effectively use
this platform to guide campaign efforts.




Oluwole Daniel Makinde

University of Stellenbosch, South Africa

Modelling and Optimizing Control of Measles
Outbreaks in Human Communities

Measles continues to pose a significant public health challenge, necessitating
robust prevention and control strategies. The disease can be life-threatening,
initially presenting with symptoms such as cough, red eyes, and fever, followed by
a distinctive skin rash and potential respiratory complications. This study focuses
on the computational modelling and optimal control of measles outbreaks within
human populations.

A mathematical framework is developed to capture the dynamics of disease
transmission, accounting for key epidemiological factors including vaccination,
treatment, and lasting immunity. The disease basic reproduction number is
determined, and under specific parameter conditions, such as delay in treatment
and vaccination, the model reveals the occurrence of a backward bifurcation,
underscoring the complexity of measles elimination. A sensitivity analysis is
performed to evaluate the impact of critical parameters on the spread of infection.
Optimal control theory is then employed to devise strategic interventions aimed at
minimizing infection rates while optimizing the use of available resources. The
study also includes an analysis of measles outbreak data from West Africa,
sourced from the World Health Organization's reports and the Centers for Disease
Control and Prevention.

Through numerical simulations, the effectiveness of various control measures is
assessed, providing valuable insights to guide public health policy. Overall, the
findings contribute to the development of more effective measles mitigation
strategies by integrating deterministic modelling with real-world data




Haishat Olufadi-Ahmed

Solina Centre for International Development and
Research, Nigeria

Drivers of immunization delay and dropout
at the 9-month touchpoint, including
measles, in Kaduna and Enugu, Nigeria

Nigeria is home to the largest number of children without a measles vaccine — 3 million — and no
change in MCV1 coverage of 60% between 2020 and 2022. As part of a multi-country study,
VillageReach and the Solina Centre for International Development and Research (SCIDaR) are
exploring the drivers of dropout between the vaccinations of early infancy (14 weeks) and late
infancy (9 months), including the measles vaccine. The study approach ensures the voices of
caregivers, heads of household, and healthcare workers are the core of the research, to uncover
supply, demand and access insights through community-based participatory research (CBPR)
and then works with communities to generate potential solutions through human-centered design
(HCD) to improve immunization coverage.

The study began with the review of secondary data sources to understand the broader
immunization context, conduct a formative gender analysis, and inform the selection of two
geographic sites for primary data collection: Kaduna State (Northern Nigeria) and Enugu State
(Southern Nigeria). The collection incorporated several qualitative methods, which included
journey mapping interviews with caregivers of children aged 12-18 months (n=72), photovoice
exercises with a subset of these caregivers (n=12), card sorting exercises with heads of household
associated with caregiver participants (n=36), SMS-based exchanges with healthcare workers
(n=16), key informant interviews with community influencers (n=24) and EPI stakeholders (n=8),
and health facility observations (n=8). To ensure meaningful community engagement, peer
researchers were recruited from the local communities and trained to serve as co-researchers
throughout the process. These peer researchers and the research team conduct rapid analysis
throughout data collection, using Miro boards to cluster emerging data and generate insights. This
process was complemented by a systematic analysis process using Atlas.ti based on the study
framework, informed by the WHO BeSD framework, UNICEF's Caregiver Journey, and the EGH
Vaccine Delivery Framework.

Preliminary results specific to dropout at the 9-month immunization touchpoint include:

l.Parents may perceive 9-month vaccines as less important than early infancy vaccines due to
belief that older infants are less prone to disease or that early infancy vaccines are sufficient

2.Gap in immunization schedule between 14 weeks and 9 months affects adherence

3.Family support was a key facilitator to continuing immunization through the 9-month
touchpoint

4.Negative experience of side effects after the 14-week vaccines are somewhat common

5.Health care workers wait for 5 children to be present before opening a 5-dose MCV vial to
prevent wastage. In Northern Nigeria, approximately 63% of HCWs and 12.5% of caregivers cited
fear of vaccine wastage as a reason for delay/dropout, while the proportion of caregivers
(6.2%) expressing this concern was significantly lower in Southern Nigeria, the concern among
healthcare workers remain equally high (63%). This suggests that provider-driven wastage
avoidance practices may be a more pervasive barrier across regions than caregiver hesitancy.

These early findings highlight the need to address demand- and supply-side barriers. Concerns
around vaccine wastage, alongside other access and delivery challenges, not only contribute to
missed opportunities and delayed vaccination but may also increase long-term program costs
due to the need for catch-up campaigns and the treatment of preventable outbreaks. Moving
forward, contextualized insights generated through data collection will be used to co-create
solutions to improve immunization coverage at the 9-month vaccination touchpoint.




Kelly Joelle Gatore Sinigirira

University of Burundi

Modeling Measles Transmission to
Inform Age-Specific Control Strategies
in Nigeria

Measles remains a major public health challenge, particularly in low and middle
income countries, despite the availability of effective vaccines. This study
evaluates the effectiveness of combined routine and campaign vaccination
strategies in controlling measles transmission through a compartmental
mathematical model.

The population is stratified into six compartments: susceptible (S), vaccinated
(V), exposed (E), infectious (1), hospitalized (H), and recovered (R). The model
integrates continuous routine vaccination and time-dependent campaign
pulses and is calibrated using 2024 measles case data from Nigeria. The control
reproduction number (RC). is derived to assess the potential for sustained
transmission under vaccination efforts. Key epidemiological parameters are
estimated using Bayesian inference via Markov Chain Monte Carlo (MCMC)
methods. A global sensitivity analysis identifies vaccination coverage and

transmission rates as critical factors influencing (RC).

To evaluate intervention effectiveness, multiple scenarios are simulated, varying
the frequency and timing of campaigns, as well as routine vaccination
coverage. Results indicate that routine vaccination alone may be insufficient in
areas with low coverage, while combining it with periodic campaigns
substantially reduces measles incidence. The most effective scenarios involve
high routine coverage supplemented by well-timed campaigns. The findings
emphasize the necessity of sustained coordination between routine and
campaign vaccination to achieve measles elimination.

This study provides evidence-based guidance for policymakers and public
health officials seeking to enhance measles control. Strategic coordination
between routine and campaign based immunization is essential for reducing
transmission and moving toward measles elimination.




Laura Skrip

London School of Hygiene & Tropical Medicine

Modelling the impact of an integrated nutrition
and immunisation program on acute
malnutrition and measles transmission
dynamics in rural Chad and Niger

The Alliance for International Medical Action (ALIMA), the London School of Hygiene &
Tropical Medicine (LSHTM), Edesia Nutrition, and local partners in Chad and Niger are
collaborating to implement and evaluate an integrated nutrition-immunisation program
called OptiMAX. The OptiMAX project aims to provide context-specific insight into how and
why nutrition supplementation programming may enhance vaccine coverage. Through
both direct field data collection and dynamic modelling, the project will also provide
evidence about the impact of routine SQ-LNS distribution, referral to treatment for wasting,
and updates to immunisation status on both nutrition and vaccine-preventable disease
outcomes. This will include the direct health impacts of OptiMAX as well as less directly
measurable health impacts.

For the health impact modelling, an existing mathematical model will be extended to
capture the dynamics of undernutrition and measles infection in the two OptiMAX project
settings (Mirriah, Niger and Ngouri, Chad). The model structure is stratified by age and sex,
to account for targeted SQ-LNS distribution, screening and treatment referral for wasting,
history of immunisation, and updates to immunisation status among children 6-18 months
as a result of health facility attendance to obtain SQ-LNS. In this way, the model will be used
to quantify the impact of the OptiMAx program versus the ‘status quo’ of independent
routine nutrition programming and preventative campaigns plus outbreak response
supplementary immunization activities (SIAs). Impact will be investigated overall and, due
to evidence of differential measles vaccination coverage and undernutrition outcomes,
stratified by hard-to-reach (2 10 km from nearest health facilities) versus all other (< 10 km
from nearest health facilities) communities/villqges.

The following outcomes of interest will be estimated for model projections over the period
from 2025-2035 across a range of scenarios (e.g, different increases in vaccine uptake due
to mass supplementation program), and will include differences by the age and sex of the
child.
Measles health impact in terms of cases and deaths averted
Nutrition health impact in terms of cases of and deaths from wasting averted due to SQ-
LNS administration and improved measles vaccination, changes in wasting treatment
outcomes, and hospitalizations averted
Expanded Programme on Immunization programmatic impact, in terms of reduction in
size of measles outbreaks and changes in number of SIAs required.

It is expected that evidence from the project may be used in addressing anticipated
stakeholder questions about OptiMAXx around the benefits and feasibility of post-project
adoption of the intervention as part of routine programming. Additioanlly, he modelling
framework, including parameters around the interplay of acute malnutrition and measles
dynamics, will be available as a tool for exploring integrated intervention approaches in
settings with varying nutrition and disease contexts.




Niket Thakkar

Gates Foundation, USA

Disentangling surveillance effects from
epidemiology in Nigeria's measles time
series data

In this talk, | compare — in terms of their estimated effects on disease
transmission — Southern Nigeria's large-scale measles vaccination
campaigns since 2010 to a unique, more targeted routine immunization
intensification that happened in 2019. A main focus of the discussion
throughout is that quantifying intervention impact in real epidemiologies
requires us to disentangle competing, dynamic sources of immunity,
including unreported infection.

To address this inference challenge, we create a collection of state-level,
stochastic transmission models capable of estimating underlying
measles susceptibility based on surveillance and survey data. A key
feature of these models is that age-at-infection information is used to

bound variation in reporting rates, making inference more approachable.

Overall, based on our susceptibility estimates, we find that the 2019
intensification, despite being restricted in scale to children under 2 years-
old, had an effect on transmission comparable to the region’s larger
vaccination campaigns targeting children up to 5. This implies that
vaccines delivered in that effort were more than twice as likely to reach a
susceptible child.




Edson Utazi
Worldpop, University of Southampton, UK

Spatiotemporal analysis of DTP1 and
MCV1 vaccination coverage in Ghana
and Nigeria

Spatially detailed estimates of vaccination coverage are useful for
understanding the heterogeneities that exist in vaccination coverage, and to
inform the targeting of interventions to reach zero-dose and under-immunized
children. Survey estimates of coverage, often considered to be the ‘gold
standard’, are mostly available at the national and provincial levels, limiting
their programmatic utility. Here, we address this challenge by developing
methodological approaches for producing high-resolution maps of vaccination
coverage.

We assembled geolocated cluster level data on DTPI and MCVI coverage
obtained from Demographic and Health Surveys and Multiple Indicator Cluster
Surveys conducted between 2000 and 2024. These data were integrated with a
suite of geospatial covariates. We developed Bayesian geostatistical modelling
approaches to predict vaccination coverage at 1x km resolution and the district
level. We considered two parameterizations of the spatiotemporal model ,
differing by the inclusion of an interaction term between spatial and temporal
random effects. The model was fitted using the INLA-SPDE approach
implemented in the R package inlabru. Model validation was undertaken using
cross-validation approaches and through comparing the modelled estimates
with direct survey estimates.

Our predicted maps reveal substantial geographical inequalities in coverage in
the study countries, as well as changes over time. Ongoing work includes the
integration of the coverage estimates with measles incidence data and
processed administrative coverage estimates to better identify cold spots of
low coverage and to inform more effective subnational strategies.

Improving vaccination coverage and accelerating progress toward the
elimination of vaccine-preventable diseases requires an evidence-based
approach. High-resolution maps of vaccination coverage can support more
precise targeting of limited resources and enhance the impact of immunization
programs.




Chloe Wilkens &
Allison Portnoy*

Boston University, USA
*Presenting author

Impact of Measles Supplementary Immunization Activities on Zero-
Dose Children in Low- and Middle-Income Countries: A Modeling Study

This analysis evaluates the effectiveness of measles supplementary immunization
activities (SIAs) in reaching "zero-dose” children missed by routine measles
vaccination programs across low- and middle-income countries (LMICs). Using
updated survey data from Demographic and Health Surveys (DHS) and Multiple
Indicator Cluster Surveys (MICS), we assess how SIAs address coverage gaps and
aiming to inform targeted vaccination strategies to achieve global measles
elimination goals. Quantitative synthesis of the survey data informs SIA coverage that
differs from previous work done on measles SIA evaluation.

We quantified zero-dose children (12-23 months) under two definitions: those without
vaccination by routine measles-containing vaccines (MCV) by any reporting method
(vcccinotion date on vaccination card, mark on vaccination card, self—report) and
those without vaccination by routine MCV according to a vaccination date on a
vaccination card. The baseline scenario of uniform measles SIA coverage probability
in target populations was compared to different assumptions about zero-dose
populations and measles SIA effectiveness: a cumulative beta function as defined by
unvaccinated children successfully reached through measles SIAs and two scenarios
where 7.7% of the target population was considered “inaccessible” and zero-dose
children were distributed based on random reach or the cumulative beta function.

Among 30 countries and 39 survey years included in the analysis, the average
proportion of zero-dose children reached was 28% (range: 0-97%). Estimated
measles SIA coverage was estimated to be 53% (range: 0-96%) across surveys.
Under the second definition of zero-dose with restriction by measles vaccination
date, the proportion of zero-dose children reached was 34% (range: 0-100%) and
overall SIA coverage resulted in an average of 48% (range: 0-98%). The number of
zero-dose children for measles vaccination was used to fit the cumulative beta
function. The resulting beta function visually resulted in a better fit for the survey data
compared to the random reach baseline scenario.

Updating and quantifying previous reporting on measles SIA coverage based on DHS
data with the inclusion of new survey years and adding MICS data, we generated
proportions of zero-dose children reached through measles vaccination by SIAs.
These results can help inform improved estimates of measles vaccine impact in
LMICs globally as well as future program prioritization to reach MCV coverage goals.
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