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ABSTRACT
Introduction In recent history, many new infectious 
diseases have affected humans for the first time or have 
appeared in previously unaffected areas of the world; 
these diseases are known as emerging infectious diseases 
(EIDs). Examples of EIDs include COVID-19, Middle East 
respiratory syndrome and Ebola virus disease. EIDs are 
known for their complexity. Multiple factors play a role 
in their spread, including increases in human population, 
conflicts, urbanisation, air travel, global trade and 
inequalities in wealth distribution and access to healthcare. 
In order to gain a better understanding of such complexity, 
we aim to explore the role of systems science, which 
allows us to view EIDs in the context of complex adaptive 
systems rather than simple causes and effects. The 
objectives of this scoping review are to explore and map 
the theoretical concepts and key characteristics of studies 
that use systems methods in controlling EIDs, to identify 
the gaps in knowledge and disseminate the results.
Methods We will follow the Joanna Briggs Institute 
guidance for this scoping review, comprising the 
following stages: formulating the research question and 
subquestions, scanning the literature for available data, 
selecting relevant publications, charting the data by two 
independent reviewers, aggregating the findings, reporting, 
summarising and disseminating the results. We will 
review peer- reviewed articles, preprints and grey literature 
available in all languages.
Discussion We intend that this scoping review will 
contribute to a better understanding of the use of systems 
methods to inform policymakers about how to prevent and 
control EIDs.
Ethics and dissemination Research ethics approval 
is not required for a scoping review because it is based 
on reviewing and collecting data from publicly available 
sources. To disseminate the findings, results will be shared 
through academic publications, seminars and conferences.

BACKGROUND
The WHO defines an emerging infec-
tious disease (EID) as ‘one that either has 
appeared and affected a population for the 
first time, or has existed previously but is 
rapidly spreading, either in terms of the 
number of people getting infected or to new 
geographical areas’.1 Over 60% of EIDs are 
zoonotic, having crossed over from animals to 
humans by a process called spillover.2 Recent 

outbreaks due to novel zoonotic infectious 
diseases include COVID-19, MERS- CoV, Ebola 
virus disease, Zika virus disease, SARS- CoV 
and novel influenza viruses.3–5 Empirical 
evidence suggests that many systemic societal 
and social factors contribute to the appear-
ance of EIDs including urbanisation, climate 
change, increasing travel and trade, human 
population growth, human behaviour and 
the emergence of antimicrobial resistance.4 6

Even though EIDs are known to cause 
a substantial threat to human life and can 
impose significant economic burden, Fauci 
and Morens6 argue that the behaviour of such 
diseases can be predicted and mitigated.6 
Public health history provides solid evidence 
that public health measures, including clean 
water, sanitation, vaccinations and antibiotics, 
have been effective in decreasing the burden 
of EIDs.6 In more recent history, many 
countries around the world have invested 
in increasing national and international 
communicable diseases control capacities and 
resources in order to prepare and respond to 
the next potential pandemic caused by EIDs.7 
However, due to the novelty of these diseases, 
there are considerable gaps in our knowledge 
for the prevention and control of EIDs.4 5

From its early origins in the middle of the 
last century, systems science has evolved its own 

Strengths and limitations of this study

 ► We explore the use of systems science approaches 
to the prevention and control of emerging infectious 
diseases.

 ► This protocol uses well- recognised methodological 
frameworks to guide a scoping review.

 ► The review uses a broad- based search strategy to 
uncover and map relevant evidence, searching at 
least six databases and grey literature.

 ► There will not be a language restriction to data 
extraction.

 ► Because of the nature of scoping reviews, no quality 
assessment of the reviewed data will be performed.
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distinguishable academic identity and a corpus of related 
scientific literature devoted to the subject. Since then, it 
has offered academics and practitioners from a variety 
of fields a number of different approaches and methods 
for helping better describe and solve ‘complex’ social, 
technological, ecological and organisational problems. 
By ‘complex’ we mean having features of ‘complexity’ as 
found in complex adaptive systems. Those features include 
multiple interacting components, non- linear relationships 
and feedback loops between them that might be moder-
ated or synergistic with other system elements. In addition, 
interactions across multilayered contexts may induce emer-
gent outcomes at various levels that cannot be predicted 
from relationships observed at any single level.8

Those working in this field have appropriated a 
number of methods and tools9 and while many of these 
have roots in computer science, operational research 
and simulation, others are alternatively branded as 
‘soft systems’ methods that invoke paradigmatic systems 
thinking.8 This may often take us a long way towards a 
solution by allowing us to see our problem as a feature 
of a complex adaptive system rather than focusing on a 
single cause and effect.8 It does so by helping us explore 
the purpose, behaviour and dynamics of the system’s 
elements and what connects them.10 By mapping the 
patterns of behaviour within a system and what gener-
ates them, the use of systems- oriented methods and 
tools can help us see the ‘bigger picture’ and better 
appreciate where the sweet spots for intervention might 
lie to achieve desirable outcomes.8 9

Systems thinking and the associated tools of systems 
dynamics have made inroads into healthcare manage-
ment.9 Since many of the big issues affecting public 
health are easily seen among what are known as ‘wicked 
problems’, systems thinking has begun to take root in 
public health.11 For example, Rutter and colleagues12 
advocated the use of systems science to inform policy 
debates and to help policymakers find more holistic 
answers to public health problems. They argued that 
many public health questions are merely features of 
complex adaptive systems; therefore, linear or straight-
forward solutions might not be sustainable,12 echoing 
Bircher and Hahn.13–15

In 1995, Wilson argued that EIDs represent a complex 
and dynamic issue, the public health consequences of 
which are not merely caused by the infectious agent 
itself. Other key aspects like human behaviour, environ-
mental, geographical and economic factors contribute to 
the complexity that defies simplistic solutions,16 a senti-
ment which Fauci and Morens echoed in 2012.6 Thus, 
more systemic measures are necessary to address the 
complexity surrounding EIDs to provide sustainable and 
adaptive solutions. Thus, such measures might invoke 
systems- oriented methods, like systems maps, causal loop 
diagrams and systems dynamics, to demonstrate the links 
between different elements of a system that might other-
wise seem unrelated or be overlooked when studied with 
conventional methods.

There have been some previous attempts to use systems- 
oriented approaches in infectious disease research, 
including, for example, Ebola virus disease, HIV, tuber-
culosis, influenza and vaccine uptake.17 Systems science 
methods were also recommended by Shi et al, who used 
examples of disease transmission prediction for influenza 
A H1N1 in Hong Kong and malaria in Yunnan Province 
in China, to provide policymakers with a better under-
standing of how to enhance surveillance and prepared-
ness.18 Lee et al provided another example for using 
systems science, mapping the elements that make up the 
vaccine manufacturing and distribution system; there-
after, they used multiple systems models to inform poli-
cymakers of the best ways to maximise the benefit and 
reduce wasted resources.19 Nevertheless, while interest 
has been growing, there has been no systematic attempt 
to scope the charted and uncharted ground over which 
systems science methods and systems thinking can help 
societies manage EIDs.

Before writing this protocol, a comprehensive search of 
databases for scoping or systematic reviews on the topic was 
conducted. Resources used at this stage included Scopus, 
the Joanna Briggs Institute (JBI) Database of Systematic 
Reviews and Implementation Reports, the Cochrane 
Database of Systematic Reviews, PubMed, Evidence for 
Policy and Practice Information and Epistemonikos. 
To the best of our knowledge, no scoping or systematic 
reviews exploring the role of systems approaches to the 
control of EIDs have been published (up to the time of 
writing).

Therefore, this review has the potential to inform 
researchers and policymakers about innovative ways 
to prevent and control EIDs at global, national and 
regional levels. It can provide evidence on how systems- 
oriented approaches can complement classical public 
health approaches to the prevention and control of EIDs. 
Researchers can use this review as a precursor to a more 
systematic review on the topic.

This review has two objectives. First, to identify the 
main concepts and characteristics of systems- oriented 
approaches, as applied to EIDs. Second, to systemat-
ically map the evidence for the use of systems- oriented 
methods in controlling infectious diseases and identify 
gaps in knowledge.

Following the Population, Concept and Context 
criteria provided in the JBI framework for clearly delim-
iting the research question,20 this review will focus on 
human populations; the concept will be systems- oriented 
methods; while the context is related to EID prepared-
ness and response.

This review will have one main question and multiple 
subquestions. Those questions might go through further 
development and change when conducting this study 
as the reviewers develop a deeper understanding of the 
topic.

The research question is how can systems- oriented 
approaches be used for prevention and control of emerging infec-
tious diseases?
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Subquestions include:
 ► What were the main systems- oriented concepts in 

these works? Are they defined and operationalised 
consistently?

 ► What were the systems- oriented questions?
 ► What types of elements were considered as part of the 

system? How were they defined?
 ► What were the methods used?
 ► How were stakeholders involved (if any)?
 ► What are the key insights provoked by the use of the 

systems- oriented approach?
 ► What limitations and potential developments for 

the use of systems methods in controlling EIDs were 
pointed by other researchers?

METHODS
After exploring the literature for previous reviews, we had 
to decide what review methods we should use in order to 
answer the research question. Scoping reviews are used to 
map the evidence, including the definition and the main 
concepts of a topic.20 This is in contrast to systematic 
reviews, which generally answer specific questions or for 
the assessment of a narrowly defined research question. 
We decided that scoping review would be the most appro-
priate method for evidence synthesis in this project, to 
map the types of available evidence, and identify knowl-
edge gaps,20 in line with the objectives of this review.

The JBI framework for scoping reviews was used to 
write this protocol and will be followed to minimise 
bias in reporting our review and maintain transparency 
of the process. JBI is an updated version of the Levac 
and colleagues’ framework developed in 2010, which is 
based on Arskey and O’Mally’s work from 2005.20–22 The 
Preferred Reporting Items for Systematic Reviews and 
Meta- Analyses extension for Scoping Reviews checklist by 
Tricco et al23 will be used to report the review.

Patient and public involvement
No patients involved.

Eligibility criteria
Since EIDs can appear at a different time in history and 
spread to new geographical areas, every infectious disease 
could be considered an EID.1 Therefore, to conduct a 
comprehensive search, we will use the WHO’s prioritising 
diseases for research and development in emergency 
context list.24 Therefore, sources of data considered for 
this review will not be limited to a specific time frame. 
This scoping review will include studies conducted to 
investigate preparedness, prevention and response to 
EIDs that affect human populations, without limitations 
to geographical regions or other features such as country 
income. Also, we will only consider papers that include 
feedback loops between the factors within the model or 
network analysis. Moreover, the research team is multi-
national and fluent in multiple languages, including 
English, Arabic, Spanish and Portuguese. If we come 
across data in a language outside our scope, we will refer 

it to an expert for proper scientific translation. Therefore, 
there will not be a language limitation to data included in 
our search. Publications including abstract- only reports 
and data from commercial websites will be excluded.

Search strategy
Keeping with JBI recommendations, the search strategy 
for this review will consist of three steps.20 The start date 
of our scoping review would be on 15 March 2021, we 
estimate the timeline for presenting our final result to be 
12 months which would be by 15 March 2022.

Step 1
An initial search of published papers using mainly Scopus 
and Google Scholar will be conducted. The purpose 
of this limited search is to explore the literature for 
keywords, Medical Subject Headings keywords and index 
terms related to the topic. After identifying the terms by 
the primary reviewer, they will be discussed with the rest 
of the reviewing team to map the most appropriate terms 
from the titles, abstracts and main text before moving 
to the next step in the searching strategy. Examples of 
keywords to be included in this step are presented in 
table 1.

Step 2
We will the use the keywords agreed by the reviewing team 
to comprehensively search for eligible peer- reviewed arti-
cles and conference papers in Scopus, PubMed and Web 
of Science. PubMed and Scopus also capture preprints 
available from arXiv, bioRxiv and medRxiv and those will 
be included in our search. Grey literature (eg, book chap-
ters, national and international documents) will be iden-
tified by snowballing process from the reference list of 
the selected papers. During this step, we will gain a better 
understanding of the topic and new keywords might be 
identified. If this is the case, we will consult the subject 
librarian about developing the search strategy further.

Step 3
During this step, we will scan the reference list of the 
materials included for review.

Table 1 Exemplar keywords for the search

Concept Search terms

Systems approach complex*, systems, systemic, 
dynamic*, agent- based model*, 
stochastic simulation, network*, 
compartmental models, multi- agent

EIDs Emerging infectious diseases, 
pandemic, coronavirus, Middle East 
respiratory syndrome coronavirus*, 
MERS- CoV, COVID-19, severe acute 
respiratory syndrome, SARS- CoV-2, 
SARS, Ebola, Zika, Nipah, pandemic 
influenza*, avian influenza*

EID, emerging infectious disease.
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Screening and selection of sources of evidence
We will be using Covidence online software for system-
atic review to organise the screening and data extraction 
process between the reviewers. The records obtained 
from all databases will be managed and deduplicated 
using EndNote reference management software. Titles 
and abstracts of all papers will be screened by two inde-
pendent reviewers. Full text of the eligible papers will be 
screened for inclusion by two independent reviewers. In 
both stages, disagreements between reviewers about the 
inclusion of any materials will be resolved by consensus 
and seeking a third reviewer when needed. This same 
process will be applied to new sources identified after 
scanning the reference list of the materials included for 
review.

Data charting
The reviewing team will agree on the data extraction 
framework before the start of the process. Data to be 
included in the form include, but are not limited to, 
authors, title, type of material, publication source, 
systems methods used and challenges raised by the 
authors (box 1). Thereafter, a pilot testing phase will be 
conducted by two independent reviewers to maintain 
consistency with the framework. The same reviewers will 
execute the data charting independently after the pilot 
phase. Additionally, we will contact the authors if we need 
clarification regarding published material.

Analysis of evidence and presentation of the results
We will qualitatively aggregate and analyse the evidence 
available in the literature. We will provide a narrative of 
the use of systems- oriented methods in relation to EIDs 
and identify gaps in the knowledge where a systematic 
review or original research is needed. However, this 
review will not quantify or evaluate the effectiveness of 
use of those methods in disease control. For example, 
we will map the types of systems tools, chart the types of 

systems interventions using the Meadows framework for 
leverage points25 and present the evaluation approaches 
that have been used in EID modelling, but we will not 
assess the strengths and weaknesses of those tools or 
attempt to quantitatively assess the effectiveness of those 
methods on epidemic prevention and control. The data 
will be presented using the most appropriate form in 
tables and charts.
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