Needs and Challenges in Modelling Malaria
for Emergency Contexts
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INTRODUCTION
While modelling is an essential component for an understanding of the epidemiology of malaria and for designing better control measures, it rarely considers the
particular contexts encountered in emergency settings. By linking these situations with the transmission parameters used in classical malaria models and
especially in the basic reproductive number, R0 our aim is to correct this bias and call for a better collaboration between relief actors.

What defines an Emergency Situation?

Adapting Malaria Modelling to Emergency Settings:
What Can Be Done?

´Complex emergencies are situations of disrupted
livelihoods and threats to life produced by warfare, civil
disturbance and large-scale movements of people, in
which any emergency response has to be conducted in a
difficult political and security environment. Complex
emergencies combine internal conflict with large-scale
displacements of people, mass famine or food shortage,
and fragile or failing economic, political, and social
institutions. Often, complex emergencies are also
exacerbated by natural disasters.
in WHO in Environmental health in emergencies and disasters: a practical
guide, WHO, 2002

It is unlikely that a ´one size fits all´modelling approach will work in emergency settings, and a
variety of scenarios (heterogeneous and unstable situations, context-specific challenges, the
ability to provide long-term sustainable solutions…) would need to be considered. Proposed
models would involve a number of parameters, including relevant information on
epidemiological and medical aspects of the population and a consideration of the type and
quality of tools and their potential combinations. In the definition of an emergency setting, a
number of aspects can be translated into parameters to feed epidemiological models of
malaria considering the classical basic reproductive number, R0, describing the number of
secondary cases of malaria arising from a single case in an otherwise uninfected population
(Figure below).
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FRAGILE OR FAILING ECONOMIC, POLITICAL
AND SOCIAL INSTITUTIONS

Immunity functions
• General immunity
• Transmission-blocking immunity that may affect
the infectivity of humans to mosquitoes [c]
• Pre-erythrocytic immunity that may affect the
infection of mosquitoes to humans [b]

LARGE SCALE DISPLACEMENT OF PEOPLE
Demographic effects
• size of the human population (note that R0
considers an infinite population in its classical
form)
• human population density
• age distribution
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Socio-economic factors
• Access to treatment and infrastructures
• Quality of medical care
• Vector control programme
• Dysfunctional normative social institutions
• Disrupted social welfare mechanisms

NATURAL DISASTERS
Environmental factors
• Seasonality, rainfall
• Temperature
• Humidity
• Increased pools of stagnant water

Parameters considered in the basic reproductive ratio R0 :
m: number of mosquitoes per human host; a: biting rate of the mosquitoes on their human host; b: infectivity of mosquitoes to humans; c: infectivity of humans to mosquitoes;
µ: mortality of adult mosquitoes; T: incubation period of parasites within the mosquito vector; r: rate of recovery of infected humans.

Time-efficiency of implementation is also an essential aspect of tackling malaria in
an emergency setting. The speed and the quality of the tool, and the subsequent
control strategy deployment, are critical to prevent avoidable malaria-associated
deaths. Choosing between a less effective strategy, that can be quickly
implemented, and more efficacious options that require more time to develop,
resulting in significant implementation delay, is where such a tool will have the
greatest value. Models could be a real asset to guide such decisions, particularly if
they are operationalizable through easily accessed and user-friendly interfaces
with minimum prior training.

One of the major challenges in emergency humanitarian contexts,
particularly in the acute phase, is the difficulty in getting accurate
data, which would be important in the calibration of models.
Typically, most emergency assessments are ´quick and dirty´, and,
as such, the number, type, and characteristics of data parameters
and points to be collected need to be carefully considered and
prioritised, including those of the resident/host populations.

CONCLUSION
Overall, there is a need for modelling approaches that would not only consider the biological and epidemiological parameters for malaria control in
emergency settings but also the various factors, often difficult to estimate, that are unique to such situations. Such models should build upon existing
tools and available solutions (low-hanging fruits) to analyse and suggest improved designs that consider the whole range of tools available for malaria
control (e.g., case management, drugs, vector control). This could also lead to improved planning, budgeting, and collaboration between the actors
providing emergency relief and assistance. The use of models and a better collaboration and service delivery between the various actors involved in
relief in emergency settings should develop beyond malaria in multiple other conditions in a more holistic and multisectorial manner.
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