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Static maps at district level



Flagship GIS application: Dynamic map



Flagship GIS application: Dynamic map



Delineating sub-district boundaries



Bayesian networks make it possible to identify 
relevant drivers for Health System and 
establish priorities. 



With this approach, public health researchers can 
quickly, generate clear recommendations for 
decision makers: Ministry of Health and funding 
organizations.



International context



300% increase in measles cases worldwide



Challenge

Complex and intertwined drivers of Expanded 
Programme on Immunization (EPI)  performances

Solution

Theory of change + Bayesian Networks as 
Modeling Framework



Overall approach               



HSS Theory of change

Expert knowledge: causal linkages established



WHO Health Systems Framework

Aware of areas of strength and vulnerability 

Ability to adapt structurally, functionally and socially



Bayesian Networks: Towards causation

Unsupervised learning to discover all the direct probabilistic relations
Variable clustering to induce “factors” made of highly connected variables
Supervised learning to characterize the targeted variables



Data source

The SARA survey is designed to generate a set of core 
indicators on key inputs and outputs of the health system
+ Health Information System

Data selection

Group of columns or surveyed questions which refer 
specifically  to the Immunization program and 
corresponding building blocks



Original SARA dataset : 480 columns and 
1,242 rows  - 245/…



TRANSPORTATION
POWER SUPPLY - GENERATORS
BASIC CLIENT AMENITIES 
WATER SOURCES, SANITATION AND 
HYGIENE 
INFECTION CONTROL 
PROCESSING OF EQUIPMENTS FOR 
REUSE 
EQUIPMENT PROCESSING 
HEALTH CARE WASTE MANAGEMENT 
BASIC EQUIPMENT_GENERAL 
OUTPATIENT SECTION 
INFECTION CONTROL PRECAUTIONS
REPRODUCTIVE, MATERNAL AND 
NEWBORN HEALTH 
ANTENATAL CARE SERVICES 
PREVENTION OF MOTHER-TO-CHILD 

CHILD AND ADOLESCENT HEALTH -
CHILD IMMUNIZATION 
CHILD PREVENTATIVE AND CURATIVE 
CARE SERVICES 
HIV TREATMENT 
HIV CARE AND SUPPORT 
SEXUALLY TRANSMITTED INFECTIONS 
SURGICAL EQUIPMENT AND SUPPLIES
MALARIA 
MEDICINES AND COMMODITIES 
SUPPLY CHAIN 
MANAGEMENT 
ROLES AND RESPONSIBILITIES IN 
FACILITIES 
USE OF INFORMATION SYSTEMS/DATA 
MONITORING 
LEADERSHIP 

Data selection / broad categories



Targeted variable

“Wastage rate” corresponding to the number of vaccine doses used 
+ doses wasted DIVIDED by the number of children vaccinated for 
the antigen BCG



Unconnected network



Class indicator

The concept of classes allows to regroup nodes having
common properties /features and to manage globally these properties in 

regards to  the WHO building blocks



Example of contents of classes



Forbidden arcs 

….to prohibit the addition of arcs between classes



Unsupervised Structural Learning 



Interpretable layout



Mapping

This visualization suggests that  “vaccine stock out last 3 months”, “service 
providers trained in vaccine management & logistics”, “energy power source”, 
“health facility provides routine polio immunization to under 5” or “total 
overnight beds” to mention a few



Variable Clustering 

For setting up priorities… Still rather difficult  !
Building blocks + grouping nodes into meaningful concepts



Dendrogram



Main sub-components 

COLD CHAIN
Vaccines are delicate products   Most critical:  national / regional cold store 

TRAINING
Staff turnover rates and the introduction of new vaccines and technologies …



New latent Factor Induction via 
Multiple Clustering 

11 new dimensions in our network. 



New mindset needed



Latent factor can already tell a story …

An example of story (Quality assurance)  is temperature monitoring…



Factor States/Values 

WHO recommends ….Every opportunity’ or ‘vial-opening’ 
recommendation

multidose 
vial for a 
small 
session size 

children 
are 
turned 
away

Commonly used 20-dose Bacillus Calmette Guérin (BCG) vaccine



Introducing the Target Node

The outer ring 
contains the 91 
manifest nodes

the yet-to-be-connected Target Node
exclusively with the factors

the inner ring 
consists of the 
11 factors



Supervised Learning

Bayesian network has a structure entirely dedicated to the 
characterization of a target variable



Target Mean Analysis



Positive effect when an increase of…
Child malnutrition treatment

Optimizing immunization session frequency with session size and vial size 



Positive effect when an increase of… 
Direct medicine supplier - Number of 
computers 

Computers are efficiently used for stock 
management and forecasting calculation

Right quantity at the right place at the right 
time …drone in Ghana !



Negative effect when an increase of…
Rota vaccine stock-outs - Refrigerator 
temperature

Earliest-expiry-first-
out (EEFO) principle

Heat-damaged vials, frozen vials or 
vials with cumulated T° tracking  
beyond the discard point



Select Quadrants  …Scatterplot matrix



Conceptual diagram 



Map: Categorized wastage rate / health 
facilities

effect heterogeneity 

little practical use 

Breaking out variable 



Multi-Quadrant Analysis: Region 



South West region



Multi-Quadrant Analysis: District 



Multi-Quadrant Analysis: Actors

Organizational component
Ownership of the Health Facility 

Government 

Christian Health 
Associations
of Malawi 

Private 

NGO 



Government



Christian Health  Associations of Malawi 



Horizontal/Vertical Scales



TAKE AWAY POINTS

Bayesian Network can be applied to  
Immunization programs

• As a practically feasible form of knowledge representation 
Bayesian networks is attractive for exploring and explaining         

complex problems.

• Ability of capturing both qualitative knowledge through their network 
structure: Theory of change for Immunization program, and 
quantitative knowledge through health information system.

• With this approach, public policy researchers can quickly and 
transparently, generate clear recommendations for decision makers.



MAHA GIS platform 
Development Strategy 





Thank you
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