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a b s t r a c t 

Infectious diseases, both established and emerging, impose a significant burden globally. Successful man- 

agement of infectious diseases requires considerable effort and a multidisciplinary approach to tackle the 

complex web of interconnected biological, public health and economic systems. Through a wide range 

of problem-solving techniques and computational methods, operational research can strengthen health 

systems and support decision-making at all levels of disease control. From improved understanding of 

disease biology, intervention planning and implementation, assessing economic feasibility of new strate- 

gies, identifying opportunities for cost reductions in routine processes, and informing health policy, this 

paper highlights areas of opportunity for operational research to contribute to effective and efficient in- 

fectious disease management and improved health outcomes. 
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. Introduction 

It was only forty years ago that improvements in health and

ygiene led to infectious diseases being considered an insignificant

hreat to global health ( Heesterbeek et al., 2015 ). The spread of

IV, tuberculosis and malaria as well as recent outbreaks of Ebola

nd the coronavirus disease (COVID-2019) are a few examples of

he danger that infectious diseases still pose to human health and

ortality. Though many infectious diseases are preventable and

reatable, they continue to impose a significant health burden,

specially in resource-constrained settings. In 2016, more than half

f all deaths in low-income countries were caused by infectious

iseases, conditions arising during pregnancy and childbirth, and

utritional deficiencies, compared to 7% in high-income countries

 World Health Organization, 2018 ). 

A global movement towards minimising the threat posed by

nfectious diseases requires considerable effort and a multidis-

iplinary approach to tackle the complex web of interconnected

iological, public health and economic systems. Operational re-

earch (OR), as a discipline that uses analytical and soft methods

o better understand complex systems, is well-equipped to unravel

nfectious disease dynamics and support decision-making in health

olicy. The purpose of this paper is to provide an overview of com-
∗ Corresponding author at: Modelling and Simulation Hub, Africa (MASHA), De- 

artment of Statistical Sciences, University of Cape Town, Cape Town, South Africa. 
1 MASHA in alphabetical order: Wanja Chabaari, Rachel Hounsell, Chacha Issarow, 

adzai Munyanyi, Akindeh Nji, Jared Norman & Jenna Patterson. 
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onents of infectious disease management where OR tools have

een and can be used to answer key public health questions. These

omponents include disease biology, planning and implementing

nterventions, economic feasibility and cost minimisation, and

olicy formulation. Each of these components are discussed in the

ontext of OR tools and methodologies that could be applied, with

xamples if available. This paper is not intended to be a compre-

ensive review of all OR applications in infectious disease manage-

ent but rather a synopsis of areas of the complex system where

R can contribute to the global agenda against infectious diseases.

The path to controlling infectious diseases is challenging owing

o the potential for the diseases to adapt and evolve, volatile

nvironmental conditions, an unstable financial landscape and

ehavioural changes in the target populations. The conditions

avouring transmission are varied and diverse to the extent that

ecisions cannot be made on the basis of a single condition ( The

alERA Consultative Group on Modelling, 2011 ). Fig. 1 describes

omponents of the infectious disease system that need to be

ccounted for, to effectively intervene against disease. The biol-

gy of the disease needs to be well understood in terms of the

ontagiousness, transmissibility and environmental vulnerability. 

alaria is one such example where the mode of transmission

s through the Anopheles mosquito, repeated infections can lead

o immunity against the disease, and transmissibility varies with

hanges in both rainfall and temperature ( World Health Organiza-

ion, 2020b ). Connectivity between populations can lead to local

utbreaks becoming public health emergencies of global concern; a

ase in point being COVID-19 ( World Health Organization, 2020a ).

https://doi.org/10.1016/j.ejor.2020.07.037
http://www.ScienceDirect.com
http://www.elsevier.com/locate/ejor
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ejor.2020.07.037&domain=pdf
https://doi.org/10.1016/j.ejor.2020.07.037
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Fig. 1. Components of the infectious disease system. 
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Intervening against disease through preventative and reactive

measures needs to be shaped into health policy and is dependent

on available financial and human resources. The distribution of

financial resources is embedded within the infrastructure of the

health system with country-specific procurement and spend-

ing policies. The impact of interventions is reliant on effective

implementation and supportive patient behaviour. In grouping

these components into disease biology, intervention planning and

implementation, economic feasibility and cost minimisation, and

health policy, while recognising areas of overlap, this paper will

provide an overview of opportunities for OR methods to support

decision-making at all levels of disease control. 

2. Understanding disease biology 

Operational research can be useful in understanding disease

at cellular, whole-body and systems levels. Mechanistic modelling

can be used to understand the biochemical principles of disease

and epidemiological modelling can be used to understand disease

dynamics in a population. The growing availability of data from

cellular levels to health systems enables operational researchers to

understand disease pathogenesis within an individual as well as

disease transmission in a population, leading to the development

of more effective prevention and treatment methods ( Motta &

Pappalardo, 2013 ). 

For example, mechanistic models have been developed by

operational researchers to respond to the increasing concern

over drug resistant strains of malaria. These models aided in the

discovery that the malaria parasite is dependent on the glycolo-

sis pathway for survival in the human body and thus, several

pathway inhibitors have been proposed as new drug targets for

development ( Van Niekerk, Penkler, Du Toit, & Snoep, 2016 ). The

same approach has been extended to the whole-body level, where

the effect of inhibiting the glycolosis pathway is being tested in

malaria patients ( Penkler et al., 2015; Slater, Okell, & Ghani, 2017 ).

Similar approaches are being used to understand other infectious

disease pathogenesis, including HIV and TB, in order to increase

the effectiveness of current treatments. 
On a systems level using context-specific epidemiological data,

odels (characterised as e.g. dynamic, compartmental, mecha-

istic, stochastic, mathematical, probabilistic and epidemiological

odels) developed by operational researchers can be useful in

orecasting the future incidence of a disease in a population. These

odels can also be adapted to discover how the spread of a dis-

ase might change with population or virus changes. Where epi-

emiological data on a disease is missing, models can be useful in

stimating the number of infections in a population based on the

linical disease parameters that are known from the setting and

lobally, a practice that is helpful in quantifying the burden of dis-

ase. As an example of infectious disease forecasting, epidemiologi-

al models have been developed to predict the incidence of malaria

ith and without the implementation of different interventions

 Silal, Little, Barnes, & White, 2014 ). This modelling approach al-

ows for the impact of an intervention to be explored before it is

nvested in and rolled out in a population, a methodology that is

specially relevant in resource-limited settings. Furthermore, mod-

lling has allowed operational researchers to estimate the impact

f migration on imported malaria cases, a variable which lacks

ard data and is relevant to policy for malaria elimination ( Silal,

ittle, Barnes, & White, 2015 ). Mechanistic modelling can also be

sed to explore the limits of transmissibility of infection. For ex-

mple, the boundary conditions required to sustain endemic TB

ransmission at the population level were explored allowing for the

dentification of super-spreaders ( Issarow, Mulder, & Wood, 2018 ). 

. Intervention planning and implementation 

Operational research has played an important role in the design

nd delivery of interventions for infectious diseases. Considera-

ions of effectiveness, saf ety, cost and equity are crucial in rolling

ut any intervention for disease management ( Royston, 2011 ). In

esigning an effective intervention, there is a need to estimate

oth the direct and indirect effects, especially in a population that

s heterogeneous in terms of individual susceptibilities and in vari-

bility of the pathogen in question. Epidemiological study designs

re not well adapted to these complexities and computer simu-

ation techniques are often better suited ( Halloran et al., 2017 ).

onsider an intervention to control HIV. Given the complexity of

he disease and how behaviour influences disease propagation,

valuating the effect of any intervention is not straightforward.

perational research can be used to design and evaluate complex

nterventions ( Liberatore & Nydick, 2008 ). For example, in an HIV

ntervention study to determine the most effective strategy of

caling up condom use, a simulation model of sexually transmitted

isease was developed to clearly demonstrate that the most effec-

ive strategy would be to increase condom use only in the high

isk groups irrespective of the sexual behavioral patterns in the

opulation ( van Vliet et al., 2001 ). This study would otherwise not

e possible using cohort study designs. This is firstly because of

thical reasons and secondly because the study would not capture

he indirect effect of the intervention due to the complexity of

ehavioural and/or sexual contact patterns. 

Assessing the optimal intervention package amongst other

ompeting interventions is often difficult using epidemiological

tudies. The most appropriate and effective package might involve

 combination of interventions that could result in complex in-

eractions ( Halloran et al., 2017 ). Operational research has been

sed extensively, not only looking at epidemiologically-effective

ntervention packages, but also identifying the most cost-effective

ntervention combinations. Malaria transmission intervention

odels and non-linear production functions have been used to

ssess the relative cost-effectiveness of introducing RTS,S (the only

vailable malaria vaccine currently under trial in a few countries in

frica) in the presence of existing interventions like indoor resid-
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al spraying, insecticide treated nets (ITNs), and seasonal malaria

hemoprevention ( Winskill, Walker, Griffin, & Ghani, 2017 ). This

tudy showed that ITNs are the most cost-effective intervention

n averting malaria among populations in sub-Saharan Africa and

ther interventions only become cost-effective after a very high

overage of ITNs is achieved. Decision tree models have been used

o show the cost-effectiveness of sputum smear microscopy over

erological tests in India ( Dowdy, Steingart, & Pai, 2011 ). 

Estimating the effects of interventions on disease incidence

here host heterogeneity (such as variation in immunity levels

nd pathogen variation) is involved is a difficult task to ac-

omplish. Considering heterogeneity in host and pathogens is

articularly important in infectious disease control when the goal

f the intervention is to reduce the cases to an almost negligible

mount or eliminate the disease. Dynamic compartmental models

ave the potential of taking into account these variations when

stimating effects of a control effort. An example is the utilisation

f stochastic, non-linear, ordinary differential equations to predict

he path to and cost of elimination of malaria in the 22 countries

f the Asia-Pacific region ( Silal et al., 2019 ). 

Exploring the impact of intervention design is something that

an usually only be completed in silico due to ethical and logistical

hallenges. Yet this problem is highlighted in outbreak situations

here efficient study design is critical to decreasing the size of

he epidemic. The 2014/2015 Ebola outbreak in Guinea and Sierra

eone is an example of simulation modelling being used to opti-

ise trial design. Bellan et al. (2015) compared the impact of two

accine trial designs aimed at health workers and Hitchings, Grais,

nd Lipsitch (2017) simulated the target sample size for vaccine

oll-out accounting for the non-obvious effects on transmission

ynamics. 

With limited internal resources and external financing, optimi-

ation techniques have also found their place in guiding the choice

nd implementation of interventions. To roll-out ARV-based mi-

robicides in South Africa, optimisation techniques and geospatial

odelling were used to compare two competing roll-out plans.

ptimisation showed that ARV-based microbicides intervention in

outh Africa can be successful only when decisions regarding the

eographical resource allocation and selection of intervention sites

re made before the roll-out ( Gerberry, Wagner, Garcia-Lerma,

eneine, & Blower, 2014 ). 

Stakeholders require more than forecasts and cost breakdowns.

hey need to know that the implementation of interventions meet

heir expectations. Therefore the use of surveillance systems is

ritical for ensuring maximal impact of disease prevention and

ontrol programmes. With the advent of digital technology, society

s more capable of real time surveillance than it has ever been. This

nables transparency and accountability as well as the opportunity

o swiftly refine models and correct mistakes. Operational research

echniques offer rapid and cost-effective ways to answer questions

elevant to the implementation of infectious disease interventions. 

. Economic feasibility and cost minimisation 

Cost considerations are central to several facets of infectious

isease management including planning and selecting interven-

ions, informing policy decisions, and optimising the implemen-

ation of new interventions as well as routine processes. In the

eveloping world where resources are often severely constrained,

ncorporating cost-focused analyses (for which there are a range of

R and economic evaluation methods) into an infectious disease

anagement agenda is especially important. For new interven-

ions, combining cost-effectiveness (or cost-benefit) analyses with

ynamic compartmental mathematical disease models is valuable

or assessing whether the proposed intervention is financially

easible or worthwhile in relation to its estimated impact. These
pidemiological-economic models have been used across a range

f infectious diseases and intervention types, e.g. to assess the

mpact and cost-effectiveness of introducing new vaccines ( Drolet,

énard, Jit, Hutubessy, & Brisson, 2018; Fernandes, Rodrigues,

artori, De Soárez, & Novaes, 2019 ), to determine the optimal

overage of ITNs for malaria control ( Drake et al., 2016; White,

onteh, Cibulskis, & Ghani, 2011 ), and to determine the resource

equirements of different tuberculosis case-finding approaches

 Sumner et al., 2019 ). 

This type of OR modelling can also help inform national policy,

udget and priority setting. An example is the use of a dynamic,

ultispecies mathematical and economic model to project the

ost of malaria elimination by 2030 for the 22 countries in the

sia-Pacific region ( Shretta et al., 2020; Silal et al., 2019 ). The

alaria Elimination Transmission and Costing for the Asia-Pacific

METCAP) study was commissioned in 2017 by the Asia-Pacific

alaria Leaders Alliance. Eighty scenarios were modelled to gen-

rate robust estimates of the optimal coverage and components of

alaria elimination packages and the likely resources needed to

mplement them. The studies predicted that malaria elimination

n the Asia-Pacific region would have a 6:1 return on investment. 

While valuable for estimating the disease impact and cost-

ffectiveness of potential interventions, these advanced mathe-

atical models can be challenging for non-experts to interpret

nd implement. The use of interactive web-based applications

s decision support systems can improve the applicability and

cceptability of modelling to inform real-world public health

ecision-making. As part of the METCAP study, a user-friendly,

pen-source application was developed that allowed policy-makers

o explore different scenarios, calibrate the model to local data, run

cenario analysis and conduct cost evaluations ( Celhay et al., 2019 ).

In addition to planning and selecting new interventions, OR

lso provides useful methods for cost optimisation of existing

nterventions and routine processes. Methods such as cost minimi-

ation and cost variance analysis can aid management decisions

or reducing costs and maximising budget value. Performing

ggregate demand forecasting and census prediction also helps

etermine the demand and supply side considerations of effi-

ient resource allocation ( Pierskalla & Brailer, 1994 ). This informs

ecisions on staffing, service provision and scheduling, support

ervice planning, and medical equipment and drug procurement

cross all levels of the healthcare system. Operational research

ethods are particularly valuable for informing effective resource

chedules, which can significantly reduce operational costs with-

ut reducing the quality or level of care provided ( Burdett &

ozan, 2018; Jain, Shah, Sadh, Marfatia, & Khandelwal, 2018 ).

eveloping models for effective resource allocation is important

or appropriately responding to epidemics and outbreaks, where

aximising the budget’s impact is crucial. Many OR studies have

ddressed the optimal allocation of resources for the control of

nfectious diseases, showing the value of this approach ( Brandeau,

006; Dasaklis, Pappis, & Rachaniotis, 2012; Rachaniotis, Dasaklis,

 Pappis, 2012; Zaric & Brandeau, 2001; 2002 ). 

Optimising the supply chain to maximise drug distribution and

vailability, while minimising stock-outs and wastage is another

pportunity for OR methods to introduce cost saving processes

nd checks ( Iqbal, Geer, & Dar, 2016; Vledder, Friedman, Sjöblom,

rown, & Yadav, 2019 ). Cameron, Ewen, Ross-Degnan, Ball, and

aing (2009) estimated that the average availability of medicines

n public sector health facilities ranged from 29.4% to 54.4% across

6 low- and middle-income countries. Therefore not only does

ffective procurement and supply chain management have the

otential to reduce costs, it can also improve health outcomes. 

Disease outbreaks place a considerable and often sudden

urden on the healthcare system. Discrete event simulation and

gent-based modelling can provide effective ways to encapsulate
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and account for the details of a system that is to be optimised.

The allocation of hospital beds to patients is one area where

such simulation has proved useful. This can be formulated as an

assignment problem and solved as a binary integer program as in

Schmidt, Geisler, and Spreckelsen (2013) . Bloem (2015) presented a

solution using agent-based methods to evaluate different allocation

strategies. This presented hospitals with a set of rules to optimise

bed allocation. Acknowledging that agent-based methods generally

have larger computational power and data requirements than top

down methods and have only become possible with improvements

in technology, it is not suitable for all country settings. 

5. Shaping health policy 

The use of OR is becoming increasingly important in the

development of public health policies at global, regional and

national levels. The insights that OR methods offer are useful

for priority setting, resource mobilisation, situational analyses,

and capacity building ( Bosu, 2014 ). These improve our under-

standing of diseases as well as the population-level impacts and

cost-effectiveness of interventions. 

Understanding the present and projected future epidemiology

of a disease is an important part of demand forecasting that

allows for the quantification of how many people in a population

will require treatment over a selected period of time ( Xiong et al.,

2008 ). For example, epidemiological modelling has been largely

successful in the effort s to scale-up access to HIV treatment.

Demand forecasting research has helped to estimate the number

of HIV patients that will need access to antiretrovirals (ARVs) –

findings that have driven policy-makers to mobilise resources to

ensure that the necessary quantity of ARVs exists in the global

market, in national supply-chains and at the local point-of-care

( Xiong et al., 2008 ). Additionally, OR has been useful in improving

the efficiency of national supply-chains for delivery of treatment

at the point-of-care ( Xiong et al., 2008 ). 

Operational research has also been useful in guiding capacity

building in health systems. Forecasting of disease epidemiology

helps to understand the treatment burden that will likely be

placed on a health system and can help estimate the human

resources and health service capacity needed to deliver care to

patients ( Xiong et al., 2008 ). These findings aid policy-makers in

allocating resources to building the health care workforce. 

In cases where more than one intervention exists for the

prevention or control of a disease, OR has been useful in selecting

the most appropriate intervention or combination of interven-

tions for a specific setting to be included in national strategic

plans. In the example of malaria, with the development of new

prevention technologies, OR has been useful in modelling the

projected effectiveness of these new interventions compared to

the standard of care in order to ensure that resources are deployed

in a cost-effective way given budget and equity considerations

( Ramsay, Olliaro, & Reeder, 2016 ). 

Priority-setting is rarely best solved quantitatively as optimisa-

tion of interventions is typically from a policy-makers perspective,

yet successful implementation depends on both the provider and

the patient. Soft OR methods such as Strategic Choice Approach,

Cognitive Mapping and Multi-Criteria Decision Analysis (MCDA)

offer solutions for structuring problems and incorporating human

behaviour into decision-making. In Thailand a study was carried

out using MCDA to rank 40 HIV/AIDS interventions based on the

priority-setting criteria put forward by policy-makers, people living

with the disease, and volunteers in the community ( Youngkong,

Teerawattananon, Tantivess, & Baltussen, 2012 ). Policy-makers gave

high priority to the interventions that target high risk groups,

volunteers gave high priority to interventions that targeted youth,

while people living with HIV/AIDS ranked all interventions equally.
In recent years, OR is increasingly being required as part of

ublic health resourcing for funding applications to external donor

rganisations. For example, the Global Fund to Fight Aids, Tuber-

ulosis and Malaria recommends and often solicits epidemiological

odelling, costing and optimisation to provide target countries

ith information about which interventions and service delivery

odels may have the greatest impact ( World Health Organization

 The Global Fund, 2008 ). The Global Fund refers to OR as the “sci-

nce of better” as it helps to identify issues with programme qual-

ty, efficiency and effectiveness helping to maximise the impact of

onor funds ( World Health Organization & The Global Fund, 2008 ).

. Discussion 

This paper has described several examples of how OR can

e used to support and improve the management of infectious

iseases, particularly in the areas of understanding disease biology,

lanning and implementing interventions, assessing economic

easibility and opportunities for cost minimisation, and informing

ealth policy. However, to maximise impact, it is important to

ridge the gap between research and policy or practice. Bradley

t al. (2017) discuss three key factors that can contribute to suc-

essful research translation. The first is engaging with stakeholders

nd decision-makers during model design and validation stages.

iven the multidisciplinary nature of applying OR to infectious

isease management, involving stakeholders from different levels

f the health system, including clinicians, management profes-

ionals and patients enables a holistic approach that encourages

wnership, prioritises policy relevant questions, identifies appro-

riate methodology, and integrates local knowledge. The second

s using contextually representative data, which helps produce

esults that are relevant and implementable in the setting. The

hird is prioritising the communication of research findings to

ppropriate stakeholders. For this it is necessary to go beyond

eer-review publication, and communicate findings directly to

elevant audiences. User-friendly interfaces and visual simulation

nvironments can support effective, non-technical communication

f modelling processes and results. 

While there are many opportunities for OR to improve the

mplementation of infectious disease programmes in low- and

iddle-income countries, several challenges exist. Limited data

vailability, weak surveillance and monitoring systems, and inade-

uate access to computing power can undermine the use of hard

R methods. To overcome this in settings with limited data avail-

bility, soft OR methods may be useful. One possible approach is

he integration of goals and benchmarks identified in international

uidelines, such as those provided by the World Health Orga-

ization, into mathematical models and simulations. Balawanth

t al. (2019) provide a detailed assessment on KwaZulu-Natal’s

a province in South Africa) progress towards malaria elimination

sing these guidelines as a metric. Another challenge is the lack of

n enabling research policy framework as national health research

ystems are weak in many developing countries. A recent review

rom 44 African countries reported that only 36% had a functional

ational health research governance mechanism and 20% had a

unctional national health research management forum ( Mbondji

t al., 2014 ). Developing supportive legislative environments as

ell as building capacity for OR and management approaches

ithin the health system can encourage its routine use ( Royston,

011 ). 

There is an ever-present hazard that novel human pathogens

ill emerge, posing a risk to global human health. In late 2019,

OVID-19 emerged in Wuhan City in the Hubei Province of China.

 month later, the WHO declared the outbreak to be a Public

ealth Emergency of International Concern ( World Health Orga-

ization, 2020c ). It is at times like these that the international
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ommunity of scientists and researchers come together to study

nd act against the disease. Already operational researchers have

erformed dynamic disease modelling to estimate the spread

f the epidemic through computing serial intervals, incubation

eriods and periods of infectivity ( Lai et al., 2020; Nishiura, Linton,

 Akhmetzhanov, 2020; Shi, Cao, & Feng, 2020 ) with several

esearchers estimating the impact of imposed restrictions such

s travel bans and social distancing, along with quarantining and

ctive contact tracing ( Chen, Yang, Yang, Wang, & Bärnighausen,

020; Gostic, Gomez, Mummah, Kucharski, & Lloyd-Smith, 2020;

ellewell et al., 2020; Li et al., 2020 ). Infectious diseases have

ecome one of the world’s most pressing issues ( Global Issues

etwork, 2020 ). Operational research as a field can make a multi-

isciplinary contribution to the management of infectious diseases

y providing robust, evidence-based insights to collectively shape

ocal and global public health policies. 
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