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Abstract
Background The COVID-19 pandemic continues to demonstrate the risks and profound health impacts that result 
from infectious disease emergencies. Emergency preparedness has been defined as the knowledge, capacity and 
organizational systems that governments, response and recovery organizations, communities and individuals develop 
to anticipate, respond to, or recover from emergencies. This scoping review explored recent literature on priority areas 
and indicators for public health emergency preparedness (PHEP) with a focus on infectious disease emergencies.

Methods Using scoping review methodology, a comprehensive search was conducted for indexed and grey 
literature with a focus on records published from 2017 to 2020 onward, respectively. Records were included if they: 
(a) described PHEP, (b) focused on an infectious emergency, and (c) were published in an Organization for Economic 
Co-operation and Development country. An evidence-based all-hazards Resilience Framework for PHEP consisting of 
11 elements was used as a reference point to identify additional areas of preparedness that have emerged in recent 
publications. The findings were analyzed deductively and summarized thematically.

Results The included publications largely aligned with the 11 elements of the all-hazards Resilience Framework 
for PHEP. In particular, the elements related to collaborative networks, community engagement, risk analysis and 
communication were frequently observed across the publications included in this review. Ten emergent themes 
were identified that expand on the Resilience Framework for PHEP specific to infectious diseases. Planning to 
mitigate inequities was a key finding of this review, it was the most frequently identified emergent theme. Additional 
emergent themes were: research and evidence-informed decision making, building vaccination capacity, building 
laboratory and diagnostic system capacity, building infection prevention and control capacity, financial investment 
in infrastructure, health system capacity, climate and environmental health, public health legislation and phases of 
preparedness.

Conclusion The themes from this review contribute to the evolving understanding of critical public health 
emergency preparedness actions. The themes expand on the 11 elements outlined in the Resilience Framework 
for PHEP, specifically relevant to pandemics and infectious disease emergencies. Further research will be important 
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Background
The Coronavirus Disease 2019 (COVID-19) pandemic 
is responsible for millions of deaths globally [1, 2], and 
continues to demonstrate the risks and profound health 
impacts that result from infectious disease emergen-
cies. While disasters and emergencies were known to 
have inequitable impacts across populations prior to the 
COVID-19 pandemic [3, 4], the disparities in COVID-
19 outcomes have been grave [5–7]. Since the start of 
the pandemic, there have been demonstrable inequities 
in COVID-19 morbidity and mortality in marginalized 
communities such as racialized, low-income and Indig-
enous communities in Canada, as well as inequitable 
impacts of implementing and removing public health 
measures at different time periods throughout the pan-
demic [7–9]. Ecological impacts of climate change, popu-
lation growth trends, and increasing population density 
are amongst the factors increasing global risks for the 
emergence of novel infectious diseases [10–12]. It is cru-
cial to ensure a continued review and reflection on emer-
gency preparedness to assess ongoing risks, to reduce 
morbidity and mortality, and to mitigate the inequitable 
impacts of infectious disease emergencies and response 
measures, which is the focus of this review.

The World Health Organization (WHO) Strategic 
Framework (2017) has defined emergency preparedness 
as the knowledge, capacity and organizational systems 
that governments, response and recovery organizations, 
communities, and individuals develop to anticipate, 
respond to, or recover from emergencies [13]. Operation-
ally, emergency preparedness involves specific actions, 
funding, partnerships and political commitment to be 
sustainable [13]. Investing in and implementing priority 
actions requires an understanding of these characteris-
tics and elements of preparedness, and can benefit from 
metrics to describe, assess, and report on change over 
time. Following the 2003 Severe Acute Respiratory Syn-
drome (SARS-CoV-1) outbreak and the 2009 H1N1 influ-
enza pandemic, multiple authors in different countries 
noted a lack of evidence to inform definitions and met-
rics for public health emergency preparedness (PHEP) 
[14–16]. To address this knowledge gap in defining and 
measuring PHEP for the Canadian context and relevant 
to other jurisdictions of similar context, a Canadian-
based research team, including several authors of this 
paper, explored PHEP for infectious and non-infectious 
emergencies, and developed an evidence-based, all-haz-
ards Resilience Framework for PHEP and corresponding 

indicators to advance performance measurement for the 
field [17–19].

Through the previous research, performance measure-
ment for PHEP was advanced by articulating the essential 
elements of PHEP and identifying indicators correspond-
ing to the elements relevant to the context of Canada and 
other similar jurisdictions [17–19]. While the research 
preceded the COVID-19 pandemic, it represented a 
novel contribution to the field to provide evidence-based 
support for defining and measuring preparedness. The 
framework consists of 11 elements: governance and lead-
ership (cross-cutting), planning process, collaborative 
networks, community engagement, risk analysis, surveil-
lance and monitoring, practice and experience, resources, 
workforce capacity, communication, and learning and 
evaluation. A visual representation of the Resilience 
Framework for PHEP along with a detailed descrip-
tion of the 11 elements is summarized in additional file 
2 [17]. The set of 67 PHEP indicators correspond with 
the framework’s elements and were developed based 
on existing indicators of PHEP from the literature, and 
refined and augmented by an expert panel using a struc-
tured consensus method [19]. Ethics and values were 
identified in this research as core to all elements of PHEP 
rather than as a specific element with corresponding 
indicators; thus, are depicted as the framework centre. 
Examples of ethics and values identified in the research 
included transparency, reciprocity, trust and equity [18]. 
The framework and indicators can be used by local or 
regional public health agencies to assess readiness and 
measure improvement in their critical role of preparing 
for emergencies and protecting community health [17]. 
Given the global experience with the COVID-19 pan-
demic, it is relevant to explore how the evidence base has 
developed since the framework and indicators were cre-
ated, with a focus on infectious disease preparedness.

In this scoping review, we explored the literature on 
frameworks, priority areas and indicators for PHEP with 
a focus on infectious disease emergencies. We used the 
Resilience Framework for PHEP to examine areas of pre-
paredness actions and indicators developed in the period 
since the previous scoping review was conducted in 2017 
[19], which includes the COVID-19 pandemic period. 
The objective of this scoping review is to investigate the 
following two research questions:

1. What recent evidence has emerged on conceptual 
frameworks for PHEP specific to pandemics and 
infectious disease emergencies?

to validate these findings, and expand understanding of how refinements to PHEP frameworks and indicators can 
support public health practice.

Keywords Public health, Pandemic, Infectious disease, COVID-19, Health system, Emergency preparedness
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2. What recent evidence has emerged pertaining to 
measurement of preparedness for pandemics and 
infectious disease emergencies?

Methods
Aim and design
A scoping review methodology was used, given the 
exploratory nature of the research questions. The Pre-
ferred Reporting Items for Systematic reviews and Meta-
Analyses extension for Scoping Reviews (PRISMA-ScR) 
Checklist reporting on this scoping review is provided in 
additional file 3 [20]. Scoping reviews focus on mapping 
concepts underpinning a research area and are useful 
when examining areas that are emerging, to clarify key 
concepts and identify gaps [20–24]. Levac et al. (2010), 
describe how scoping review methodology allows for 
iterative processes and refinements while conducting 
a review [23]. In addition, Peters et al. (2020), describe 
how a variety of evidence and information sources may 
be used in scoping reviews, informing the objectives and 
approach for this scoping review [24]. The aim of this 
review was to expand understandings of the current state 
of PHEP frameworks, priority areas and indicators rele-
vant to public health agencies, and how the evidence may 
have evolved during the COVID-19 pandemic. As has 
been described for scoping review methodology, a quality 
appraisal of the included studies was not conducted for 
this exploratory review [21–23]. The focus of this review 
was on local and/or regional or provincial/state (i.e. sub-
national) public health, given that the public health sys-
tem in Canada is organized around local/regional public 
health agencies, with provincial health system gover-
nance and organization [18, 19].

Data sources and search methods
Library information specialists at Public Health Ontario 
(PHO) were consulted to conduct database searches in 
MEDLINE (March 22, 2022); Embase, Business Conti-
nuity & Disaster Recovery Reference Center and Scopus 
(March 28, 2022); and the National Institutes of Health 
COVID-19 Portfolio for Preprints (March 15, 2022). The 
search included terms related to public health emergen-
cies, emergency preparedness, post-pandemic recovery, 
indicators/measures, and frameworks.

The indexed literature search focused on identifying 
publications that included a description of frameworks, 
tools, models, activities or indicators for emergency pre-
paredness for infectious diseases, pandemic influenza 
and the COVID-19 pandemic from 2017 onward. This 
approach captured literature published since the scoping 
review was conducted to inform the Delphi expert panel 
for PHEP indicator development [19], as well as literature 
published during the COVID-19 pandemic.

In addition to the indexed literature, a grey literature 
search was conducted from March 17, 2022 to March 25, 
2022. PHO library information specialists were consulted 
to develop search strings to be used in Google Custom 
Search Engines and select regional, national and interna-
tional public health agency websites. The search was lim-
ited to records published from 2020 onward to capture 
frameworks, models, toolkits and indicators published 
within the COVID-19 pandemic context. See additional 
file 1 for the full indexed and grey literature search 
strategies.

Eligibility criteria and record selection
The eligibility criteria were the same across indexed and 
grey literature except for the time periods searched, 
as noted above. Records were included in the scop-
ing review if they met the following criteria: (a) plan-
ning, readiness and preparedness included the roles and 
responsibilities of local, regional or provincial/state/
sub-national public health agencies relevant to Canada; 
(b) emergency described in the article or framework was 
a pandemic and/or of infectious origins; (c) the emer-
gency or framework described was specific to an Orga-
nization for Economic Co-operation and Development 
(OECD) country; and (d) described preparedness activi-
ties, including indicators to inform preparedness activi-
ties, that are under local, regional or provincial/state (i.e. 
sub-national) level jurisdiction. We included relevant evi-
dence from reviews, grey literature reports and primary 
research studies of any study design [24].

Records describing federal-, national-, or international-
level (e.g., WHO) relevant frameworks or indicators were 
also included if the roles, responsibilities, elements and/
or indicators described were relevant to public health 
agencies and public health system organization in Can-
ada. For example, frameworks that described surveillance 
and laboratory testing activities were included, whereas 
a focus on measures relevant only to the federal level in 
Canada such as travel quarantine would be excluded. 
Infectious disease emergency was defined as an incident, 
outbreak or threat with the potential to overwhelm or 
otherwise disrupt routine local capacities due to their 
timing, scale or unpredictability [16, 25, 26]. Only Eng-
lish-language records were included.

Records were excluded if they: (a) focused on non-
preparedness components of emergency management 
(i.e., response, recovery and mitigation); (b) described 
an emergency of non-infectious origins; (c) described a 
framework limited to country or federal-level roles rel-
evant to Canada and countries with similar health system 
organization; or (d) focused on health care system (e.g., 
primary care, acute care) preparedness without public 
health system considerations [18]. Commentaries were 
excluded.
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Results of the indexed literature search were pilot-
screened by two authors. A random selection of 100 
records were first screened independently in duplicate to 
check agreement and trial the eligibility criteria, which 
achieved 84% agreement. This allowed the two authors 
to discuss discrepancies and reach consensus on the 
articles, leading to enhanced understanding and consis-
tency in how the remaining records were screened. Single 
author screening occurred for the remainder of indexed 
literature results, and a third author was consulted for 
uncertainties related to inclusion of specific studies 
when required. The grey literature search and screening 
were conducted by two authors. Similar to the process 
for indexed literature, a third author was consulted for 
uncertainties related to the inclusion of grey literature 
records when required.

Data extraction, summary and synthesis
The following details were extracted from the included 
publications: year, country/jurisdiction, relevant jurisdic-
tional level (e.g., national, provincial, regional, or local/
municipal), type of infectious disease emergency (i.e., 
COVID-19, any infectious disease), study and/or frame-
work design and objective(s), description of the frame-
work’s elements or components, and description of the 
framework indicators (if applicable). For records related 
to all-hazards PHEP, only details relevant to infectious 
diseases were extracted. While single-author extraction 
was conducted for the indexed and grey literature, fre-
quent consultation amongst reviewers occurred through-
out this process to support agreement.

The first step in analysis was identifying elements and 
emergent themes from the included publications. Given 
that the previous research by Khan et al. identified 11 
essential elements of PHEP relevant to the Canadian con-
text, and this review was conducted in Ontario, Canada, 
the elements of the Resilience Framework for PHEP were 
used as a reference point to organize the findings deduc-
tively (see additional file 2 for the detailed description 
of elements) [17, 19]. At the time of this scoping review, 
Khan et al.’s publication was the only rigorously devel-
oped PHEP framework specific to the Canadian con-
text known to this research team [17–19]. The previous 
research used the term “elements” to refer to high-level 
topic areas related to public health preparedness, which 
are associated with indicators [18, 19]. In this review, we 
use the term elements when referring to the Resilience 
Framework for PHEP directly, and to reflect when new 
content aligned with the elements as they are described 
in the Resilience Framework for PHEP. Although Khan 
et al.’s work examined preparedness for all-hazards 
emergencies, the scope of this review was focused on 
identifying emerging themes related to public health pre-
paredness for infectious disease emergencies, including 

pandemics. For the purposes of identifying gaps or new 
areas of preparedness, we refer to the high-level topic 
areas related to public health preparedness for infec-
tious disease emergencies identified in publications as 
“emergent themes”. Publications included in this review 
used various terms including “principles”, “domains”, “ele-
ments”, “dimensions”, “key areas”, “categories” and others 
which could be associated with related actions or indica-
tors in a similar approach to the Resilience Framework 
for PHEP. Our research team selected one term, “emer-
gent themes”, to encompass these varied terms. Ethics 
and values were considered as part of the 11 elements, 
rather than separate, consistent with the Resilience 
Framework for PHEP [17].

In the second step, emergent themes were compared 
and contrasted with the elements of the Resilience 
Framework for PHEP to examine similarities and/or dif-
ferences [17]. We identified elements of the Resilience 
Framework for PHEP that were described in the litera-
ture, and preparedness themes that emerged since the 
previous scoping review and indicator development work 
of Khan, et al. [18, 19], and since the COVID-19 pan-
demic. Where alignment was observed, we report how 
frequently each element was observed across included 
publications. When themes did not explicitly overlap 
with the Resilience Framework for PHEP, as determined 
by discussion and consensus among authors, these were 
recorded as “emergent themes”. The indexed and grey 
literature were analyzed separately and then synthesized 
across all results. Team members compared their lists 
of emergent themes, and where appropriate, aligned the 
language to consolidate and describe common emergent 
themes. We also included select examples of prepared-
ness activities relevant to various PHEP elements and 
emergent themes.

The final step was to examine included studies for indi-
cators or actions/activities that could be used to inform 
the development of indicators. Indicators were defined 
as succinct measures that help understand, compare and 
improve systems [27]; they are generally found in frame-
works, assessment tools or checklists. The identification 
and appropriate synthesis of specific PHEP indicators 
was not feasible for this review. For subsequent indicator 
development, additional steps in indicator development 
are required to extract and analyze indicators identified 
in the literature. For the purposes of this review, broad 
areas of measurement (e.g., population vaccination cov-
erage) were synthesized rather than specific indicators 
(e.g., specific quantitative thresholds for vaccine cover-
age) from a given framework or publication.
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Results
From the 3,603 records identified through the peer-
reviewed and pre-print literature database searches, 315 
full-text records were assessed for eligibility and 26 stud-
ies were included in this scoping review. Of the records 
identified from searching organizational or government 
databases in the grey literature search, 179 were assessed 
for eligibility and 10 grey literature publications were 
included in this scoping review (see PRISMA diagram in 
Fig.  1). In summary, 36 records were examined for this 
scoping review.

Characteristics of included publications
Methods and study designs varied widely across the 26 
indexed literature studies, including systematic literature 
reviews [28–30], mixed-methods studies (i.e., a paper 
that describes a literature review, concept mapping and 
key informant interviews) [31–46], descriptive case stud-
ies [47–49], qualitative studies [50, 51], a cross-sectional 
study [52], and a regression analysis [53]. Ten stud-
ies described a PHEP-related framework, tool or model 
[33–37, 39–42, 44], and 16 studies included content rel-
evant to PHEP priority areas and/or activities but did not 
explicitly describe a PHEP framework, tool, model or set 
of indicators [28–32, 38, 43, 45–53]. For example, two 

studies specifically focused on the community engage-
ment component of PHEP [51, 52]. All studies identified 
from the indexed literature described PHEP concepts for 
infectious disease outbreaks, pandemic influenza and/or 
the COVID-19 pandemic.

A total of 10 grey literature publications were identi-
fied, including four that described PHEP frameworks or 
conceptual models [54–57], three that described assess-
ment tools [58–60], and three that focused on indicators 
for PHEP [61–63]. All ten grey literature publications 
described public health preparedness actions for infec-
tious disease outbreaks, COVID-19 pandemic or zoo-
notic disease outbreaks. Of the ten documents identified, 
seven were produced by the WHO [54–60]. Upon iden-
tification and review of the heterogeneous evidence and 
guidance, we oriented this scoping review around distill-
ing findings into high-level concepts and themes relevant 
to PHEP.

Elements from the Resilience Framework for PHEP that 
appeared in the included publications
After the first and second steps in analysis of the included 
studies, at least one element from the Resilience Frame-
work for PHEP was observed in all of the identified 
26 indexed studies [28–53], and seven of the ten grey 

Fig. 1 Flow chart of included records from indexed databases and grey literature searches
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literature records [54–60], with many publications mak-
ing reference to multiple elements (see Table 1). The 11 
elements, listed from most to least frequently observed 
across the included publications, were: collaborative net-
works, community engagement, risk analysis, commu-
nication, planning process, governance and leadership, 
surveillance and monitoring, resources, workforce capac-
ity, learning and evaluation, and practice and experience.

Emerging preparedness themes that expand on the 
elements in the Resilience Framework for PHEP
After comparing and contrasting as part of analysis, our 
synthesis resulted in the identification of ten themes 
that expand on the elements in the Resilience Frame-
work for PHEP [17], all with a focus on infectious disease 
emergency preparedness (see Table 2). Five themes that 
expand on the framework were observed across both the 
indexed and grey literature; ordered from most to least 
common according to the number of publications in 
which they appear, these themes were: planning to miti-
gate inequities, building vaccination capacity, research 
and evidence-informed decision making, building labora-
tory and diagnostic system capacity, and building infec-
tion prevention and control (IPAC) capacity. There were 
three themes that expand on the Resilience Framework 
for PHEP that emerged solely from the indexed literature 

(climate and environmental health, public health legis-
lation, phases of preparedness) and two that emerged 
solely from the grey literature (financial investment in 
infrastructure, and health system capacity).

Most publications described activities that should take 
place while planning or preparing for infectious disease 
emergencies to operationalize priority areas of prepared-
ness [28–32, 35, 36, 38, 39, 41–43, 45–49, 51, 52, 54, 55, 
58, 60]. Activities correspond with various prepared-
ness priority areas and exemplify actions that would be 
taken during infectious disease emergency preparedness 
processes. These activities were described in publica-
tions in addition to or in place of indicators. Activities 
were described in a variety of ways across publications, 
and included steps, actions, suggestions, outcomes or 
outputs of infectious emergency preparedness planning 
processes.

Multiple studies from the indexed literature described 
activities related to the operationalization of prepared-
ness [28–32, 35, 36, 38, 39, 41–43, 45–49, 51, 52]. For 
example, Jesus et al. (2021)’s model for disability-inclu-
siveness in pandemic preparedness provided several 
preparedness activities, some of which included devel-
oping intersectoral disability-inclusive pandemic pre-
paredness, using evidence on how to reduce disability 
disparities to inform planning, and the reinforcement 

Table 1 Publications according to emergency type and corresponding Resilience Framework for PHEP elements
Preparedness elements from the 
Resilience Framework for PHEP 
that appeared in the included 
publications

Description of element from the 
Resilience Framework for PHEP [17]

Type of emergency and number of citations
Infectious emergency preparedness 
(n = 20)

COVID-19 pandemic 
preparedness (n = 13)

Collaborative networks
(22 publications)

Develop relationships, partnerships, and 
strong networks

N = 13
[28, 32, 33, 35, 39, 41, 42, 51, 52, 56, 59]

N = 9
[30, 38, 43, 44, 47–49, 
54, 60]

Community engagement
(21 publications)

Understand and engage with the 
community

N = 11
[28, 29, 33, 36, 37, 39, 41, 42, 51, 52, 56]

N = 10
[30, 34, 38, 43, 45, 47–49, 
54, 60]

Risk analysis
(19 publications)

Robust understanding of community 
hazards and risks

N = 13
[28, 29, 33, 35–37, 39–42, 57–59]

N = 6
[34, 43–47]

Communication
(18 publications)

A strategy to deliver clear, consistent 
messaging across networks and the 
public

N = 10
[28, 29, 33, 35, 39, 41, 42, 55, 56, 59]

N = 8
[38, 43, 45, 47–49, 53, 
60]

Planning process
(16 publications)

Develop a plan through a dynamic, col-
laborative planning process

N = 9
[28, 29, 31–33, 35, 36, 39, 42]

N = 7
[30, 38, 45, 46, 48, 49, 53]

Governance and leadership
(15 publications)

Integrated structures, partnerships and 
accountabilities with clear leadership

N = 8
[28, 33, 35, 39, 41, 42, 56, 57]

N = 7
[30, 38, 43, 45, 48, 49, 53]

Surveillance and monitoring
(14 publications)

Timely information to provide situational 
awareness and guide action

N = 9
[28, 29, 33, 37, 39–42, 57]

N = 5
[30, 34, 48, 53, 57]

Resources
(14 publications)

Ensure dedicated resource capacity and 
mobilization capacity

N = 8
[28, 31–33, 35, 39, 41, 42]

N = 6
[30, 38, 45, 48, 49, 53]

Workforce capacity
(11 publications)

Develop and support knowledgeable 
and resilient staff

N = 10
[28, 31–33, 35, 39, 41, 42, 55, 58]

N = 1
[30]

Learning and evaluation
(10 publications)

Evaluation as a strategy to build 
resilience

N = 7
[28, 32, 35, 39, 42, 50, 55]

N = 3
[46, 54, 60]

Practice and experience
(6 publications)

Invest in testing and practicing plans 
and processes

N = 5
[28, 35, 39, 42, 50]

N = 1
[43]
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of disability-rights in health professionals’ education 
[36]. AuYoung et al. (2022) developed general strategies 
for COVID-19 vaccine hesitancy among marginalized 
communities relevant to future public health emergen-
cies [47]. Examples of AuYoung et al.’s strategies include 
increasing community and academic capacity to enhance 
community-academic partnerships, investing in trusted 
messengers, increasing the trustworthiness of academic 
institutions and developing long-term cross-site partner-
ships [47]. Tan et al. (2021) investigated qualitative factors 
related to pandemic preparedness and identified strat-
egies to achieve a more holistic and equitable approach 
to preparedness [43]. According to Tan et al., the ongo-
ing translation of changing scientific evidence into policy 
actions and the development of trusted communication 
through effective knowledge translation practices are 
essential strategies to achieve evidence-informed deci-
sion-making in pandemic preparedness [43]. Tan et al. 

also put forward suggestions related to ecological deter-
minants of health which overlap with disaster risk reduc-
tion strategies [64, 65], including addressing the effect 
of health services on the environment, recognizing the 
impact of climate and environmental degradation on risk 
of zoonotic disease, and setting climate goals [43].

Several preparedness frameworks identified in the grey 
literature included preparedness activities, outputs or 
outcomes [54, 55, 58, 60]. The WHO’s Strategic Prepared-
ness, Readiness and Response Plan to End the Global 
COVID-19 Emergency in 2022 describes approaches to 
managing misinformation, such as peer-to-peer inter-
ventions to help communities identify accurate vaccine 
information by building resilience against misinformation 
[54]. The WHO’s Strategic Toolkit for Assessing Risks for 
All-hazards Emergencies lists expected activities and out-
puts of applying the toolkit’s six steps, one such activity 
is a gap analysis that can inform health and public health 

Table 2 Publications according to emergency type and emergent themes expanding on the Resilience Framework for PHEP
Emergent themes from the 
included publications

Description of emergent theme Type of emergency and 
number of citations
Infectious 
emergency 
preparedness
(n = 18)

COVID-19 
pandemic 
prepared-
ness (n = 11)

Planning to mitigate inequi-
ties (19 publications)

The anticipation and mitigation of inequitable impacts of emergencies and public 
health measures implemented on marginalized, racialized, or other high-risk 
populations.

N = 10
[28, 29, 36, 37, 
39–42, 52, 56]

N = 9
[34, 38, 
43–48, 54]

Research and evidence-
informed decision making 
(8 publications)

Building capacity for knowledge-sharing networks and the integration of data-, 
scientific- and evidence-informed decision-making when preparing and planning for 
infectious disease emergencies.

N = 5
[32, 42, 56–58]

N = 3
[30, 43, 54]

Building vaccination capacity 
(7 publications)

Preparation for vaccine research, procurement, distribution, education, prioritiza-
tion of administration to population groups, and any processes related to vaccine 
policies.

N = 2
[33, 57]

N = 5
[43, 47–49, 
54]

Building laboratory and diag-
nostic system capacity 
(5 publications)

Expanded and clearly defined roles for laboratory and diagnostic systems in infec-
tious disease preparedness plans.

N = 2
[33, 57]

N = 3
[30, 53, 54]

Building infection prevention 
and control (IPAC) capacity 
(5 publications)

Expanded and clearly defined roles for IPAC capacities, supplies and education. N = 4
[35, 39, 41, 55]

N = 1
[54]

Financial investment in 
infrastructure 
(3 publications)

Adequate preparedness capacities require financial resources to establish critical 
infrastructure, including sustainable commitment and funding.

N = 2
[56, 57]

N = 1
[60]

Health system capacity 
(3 publications)

Health system planning should consider the system’s surge capacity to safely and 
effectively care for patients during an infectious disease emergency, the capacity to 
maintain essential health services, as well as determining monitoring mechanisms to 
assess the capacity to continue delivering essential health services throughout the 
pandemic.

N = 2
[56, 58]

N = 1
[54]

Climate and environmental 
health considerations 
(3 publications)

Consider expanded and defined roles for climate and environmental health ex-
pertise in PHEP (i.e., One Health, such as considering the impact of environmental 
degradation on risk of zoonotic disease with pandemic potential; impact of waste 
generated by pandemic response operations on the environment).

N = 2
[41, 42]

N = 1
[43]

Public health legislation 
(3 publications)

Understand the scope, limitations and implications of public health laws, policies 
and authorities of the region (e.g., emergency use authorization), and how these 
may interface with other authorities.

N = 3
[28, 41, 42]

N = 0

Phases of preparedness 
(2 publications)

Delineating operational phases within the preparedness component of the cycle 
may support the organization and operationalization of preparedness to prioritize 
and implement PHEP activities.

N = 2
[35, 42]

N = 0
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workforce capacity building [58]. The WHO’s Risk Com-
munication and Community Engagement tool included 
a list of open-ended questions intended for use within 
focus group discussions or key informant interviews to 
support preparedness planning for risk communication 
and community engagement [60]. Together, these activi-
ties and outputs help to operationalize priority areas of 
infectious disease preparedness.

Preparedness indicators
In the final step of analysis we examined studies for avail-
able indicators or actions/activities to inform indicator 
development. Compared to the literature identified on 
frameworks and priority areas for preparedness, there 
were comparatively fewer indexed and grey literature 
records identified that describe qualitative and quan-
titative preparedness indicators. Five indexed studies 
[33, 34, 37, 40, 44] and three grey literature documents 
[61–63] either included or focused on describing indica-
tors for pandemic and infectious disease preparedness. 
As described in the methods, we aimed to summarize 
areas of preparedness measurement, rather than specific 
quantitative thresholds or indicators. Our focus on areas 
of measurement rather than specific indicators allow 
public health agencies to tailor these areas of measure-
ment to their preparedness context (e.g., local, regional 
or provincial).

The types of infectious disease preparedness indicators 
identified in this scoping review measured or assessed 
various areas of preparedness including the equity 
impacts of emergencies [34, 44, 62], core public health 
and government capacities for emergency preparedness 
and response [33, 63], population and healthcare sys-
tem vulnerabilities during pandemics [40], community 
readiness [37], and benchmarks to strengthen health 
systems during outbreaks [61]. Some examples of indi-
cators related to public health and health system readi-
ness or capacity include: adequate public health budget 
[62, 63], capacity to deliver vaccines and the proportion 
of the population getting vaccinated [33, 61, 63], licensed 
nurses’ ability to practice in other regions or states [63], 
oversight of research on dangerous pathogens [61], and 
enhanced training for the safe transportation of biohaz-
ards [61].

Some examples of equity-related preparedness indi-
cators identified through this review are: proportion 
of population in a defined region who are racialized or 
first-generation immigrants [34], benchmarks for pub-
lic health agency plans to embed the needs of racialized 
or marginalized populations [62], proportion of popu-
lation with access to internet and technology [44], ratio 
of residential and nursing homes per 10,000 population 
aged over 70 years old [40], proportion of population 
with access to clean water [63], and the proportion of 

households with at least one of the following: no kitchen, 
no plumbing, high cost of living, or overcrowded living 
conditions [37].

Discussion
This scoping review examined the recent literature on 
conceptualizing, defining and measuring PHEP, which is 
of relevance to public health agencies as they continue to 
respond to the COVID-19 pandemic, and remain ready 
for future infectious disease emergencies. Recent litera-
ture on infectious disease emergencies was compared 
with an evidence-based Resilience Framework for PHEP, 
which encompasses both infectious and non-infectious 
emergencies [17, 18]. Collaborative networks, commu-
nity engagement, risk analysis and communication were 
the Resilience Framework elements most frequently 
observed across the publications included in this review. 
For example, collaborative networks was defined as the 
development of relationships, partnerships and strong 
networks in the Resilience Framework for PHEP (see 
additional file 2) [17]. In this review, 22 of 36 publica-
tions demonstrated this element, such as a WHO Frame-
work which listed multisectoral coordination as one of 
its eight key areas for preparedness, calling for coordi-
nation across sectors and partners to ensure coherence 
in preparedness activities and increase resilience [56]. 
Community engagement was defined in the Resilience 
Framework in terms of understanding and engaging 
with the community; we identified 21 publications that 
demonstrated this element. For example, two publica-
tions specifically examined activities that facilitated or 
improved community engagement in emergency pre-
paredness at the local health department level [51, 52]. 
In general, there was alignment between the themes that 
emerged from the studies identified and the elements in 
the Resilience Framework for PHEP.

Several themes identified in this review expand on 
the Resilience Framework for PHEP specifically in the 
context of pandemic and infectious disease prepared-
ness. These emergent themes highlight the importance 
of planning to mitigate inequities, increasing scientific 
capacity (research and evidence-informed decision mak-
ing) and increasing public health capacity (building vac-
cination capacity, building laboratory capacity, building 
IPAC capacity). These emergent themes represent areas 
of PHEP that warrant enhanced consideration for infec-
tious disease emergencies. Other operational frameworks 
and relevant corresponding indicators could be used to 
augment areas for action specific to infectious diseases; 
for example, the WHO published an updated Joint Exter-
nal Evaluation (JEE) tool in June 2022, after the search 
date of this review [66]. It will be important to examine 
the tools, approaches and new knowledge that emerge as 
recovery from the COVID-19 pandemic evolves.
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Planning to mitigate inequities emerged as an impor-
tant theme across many included publications. Popu-
lation health inequities were present and known prior 
to the COVID-19 pandemic; however, the pandemic 
re-focused attention on the need for equity-oriented 
actions due to the inequitable burden of COVID-19 
morbidity and mortality, and disproportionate impact of 
both implementation and removal of pandemic-related 
response measures among marginalized communities 
[7–9]. Several publications highlighted the importance of 
anticipating and mitigating inequitable impacts resulting 
from infectious disease emergencies and related emer-
gency response measures on marginalized populations 
[28, 29, 34, 36–48, 52, 54, 56]. Studies described a variety 
of equity considerations for preparedness, including the 
importance of monitoring baseline population character-
istics, fostering community trust, and planning for mate-
rial or financial supports for those inequitably impacted. 
In addition, infectious disease preparedness frameworks 
identified in the grey literature provided examples of 
preparedness activities that help to mitigate inequities 
related to infectious public health emergencies, includ-
ing the engagement of trusted community members to 
ensure communications reach marginalized populations 
[67]. The Resilience Framework for PHEP includes eth-
ics and values as a concept that is core to all elements 
in the framework to ensure PHEP actions are ethics-
informed. The emergent theme of mitigating inequities 
in this scoping review reinforces that equity, as an ethical 
value important in public health, should also be explicitly 
incorporated as a foundational component of future pre-
paredness frameworks, efforts and actions.

Research and evidence-informed decision-making are 
central concepts in public health practice and important 
for emergency preparedness. This theme was often dis-
cussed in the indexed literature and was the most fre-
quently observed theme in the grey literature [30, 32, 42, 
43, 54, 56–58]. These publications discussed the impor-
tance of knowledge-sharing networks, building capacities 
for data collection, analysis, and research generation to 
ensure that infectious disease preparedness activities are 
evidence-informed. This emergent theme is an example 
of how themes identified through this scoping review 
intersect and overlap with other emergent themes as 
well as elements of the Resilience Framework for PHEP 
[17, 18]. For example, building capacity for research and 
evidence-informed decision-making across governments, 
communities and non-governmental agencies requires 
action related to mitigating inequities, communication, 
community engagement, collaborative networks, surveil-
lance and monitoring, among others.

Building vaccination and laboratory capacity, climate 
health, and public health legislation are additional pre-
paredness considerations that reflect changes to PHEP 

planning that were in progress before the pandemic and 
have received renewed attention during the COVID-19 
pandemic. Public confidence in vaccination is an example 
of the need for management of public health misinforma-
tion that pre-dates, and was further exacerbated by, the 
COVID-19 pandemic. Several publications discussed 
vaccination and laboratory systems as key components 
of the COVID-19 response as well as important priority 
areas for future pandemic planning [30, 43, 47–49, 53, 
54]. Considerations for climate and environmental health 
and public health legislation are broad topics that have 
garnered renewed attention for preparedness in light of 
the COVID-19 pandemic. Publications that included cli-
mate or environmental considerations noted the complex 
relationship between these issues and potential future 
pandemics due to climate change and environmental deg-
radation increasing the risk of zoonotic diseases crossing 
over to humans, and the contributions of healthcare and 
pandemic response operations to waste, emissions and 
potential environmental contamination [41–43]. While 
governance and leadership is a cross-cutting element in 
the Resilience Framework for PHEP, the COVID-19 pan-
demic has renewed an interest in clearly articulating pub-
lic health emergency roles and responsibilities in public 
health legislation; thus, providing legislative or policy 
support for public health emergency decision-making 
[68].

Themes that expand on the Resilience Framework for 
PHEP [17, 18] represent potential areas for improve-
ment in the public health and the health system in gen-
eral, and are not all specific to infectious disease and 
pandemic preparedness. For example, the domains of 
financial investment in infrastructure, and health sys-
tem capacity are areas of focus with population-level 
health benefits that extend beyond preparedness for 
public health emergencies and infectious diseases. Sev-
eral publications highlighted the need for investments 
to build strong and resilient health and public systems to 
mitigate the impacts of a health emergency and reduce 
disruption to essential health and public health services. 
The COVID-19 pandemic may have exposed these areas 
of weakness; however, these aspects of the public health 
system required attention and improvement prior to and 
beyond the pandemic as noted in previous reports on 
the impact of the SARS-CoV-1 pandemic [69, 70]. While 
pandemic and emergency-specific surge capacities and 
plans are needed, an adequate and resilient baseline is 
also required.

This scoping review identified emerging priority areas 
for action in infectious disease emergency prepared-
ness; however, there were comparatively fewer records 
identified that describe qualitative and quantitative pre-
paredness indicators published since evidence-based 
indicator development by Khan et al. [19]. Detailed 
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analysis, evaluation and indicator development was 
beyond the scope of this review, although the findings 
suggest areas of focus that should be considered in future 
planning. Of note, an exploratory analysis of pandemic 
preparedness compared with pandemic outcomes pos-
ited that some existing preparedness indices are not well 
suited to predicting pandemic outcomes, but instead 
are better served as tools to highlight gaps in pandemic 
capacities [71]. Further work is needed in development 
of indicators, and also their validation in relation to rel-
evant outcomes. In addition, continued work is needed 
to ensure preparedness is reinforced as a dynamic, adap-
tive concept, consistent with complex adaptive systems 
theory. Anchoring preparedness, planning, and readiness 
as upstream activities to support resilience of the sys-
tem can support the concept of the work as continuous 
improvement and adaptation [18]. The COVID-19 pan-
demic continues to evolve globally, and jurisdictions are 
still engaged in the pandemic response and may not yet 
have capacity to explore how the pandemic might change 
their approach to emergency planning moving forward. 
In the coming months and years, there will likely be addi-
tional evidence to shape future preparedness planning 
that will include elements and/or indicators that will 
support effective infectious disease emergency prepared-
ness. This future work should be revisited, examined and 
documented to ensure that learning from the pandemic 
response is included in future preparedness planning 
domains, activities and indicators.

Limitations
A limitation of this scoping review, common to review 
methodology, is that some relevant records may not have 
been included. Further, any ongoing work in jurisdictions 
and academia to update preparedness plans may not be 
publicly available since the pandemic response is ongo-
ing, or may not be available in English. Although the 
search strategy employed was detailed and developed by 
library information specialists, key terms not included 
in the search may have led to some documents being 
excluded. Relevant work published after March 25, 2022, 
when our search was completed, would not be included. 
Due to the nature of the review, a risk of bias analysis was 
not conducted. Other methodological limitations, due to 
feasibility and time constraints, included: lack of a writ-
ten protocol, single author screening, and single author 
extraction with a second author check. Mitigation strate-
gies included a trial of eligibility criteria, frequent collab-
orative discussions and peer-review of work.

Future directions
Future work can advance knowledge related to the 
emergent themes identified and translate these find-
ings into evidence-informed indicators for public health 

emergency preparedness. Strategies and indicators for 
mitigating inequities should be considered an urgent 
focus for action to support the reduction of health ineq-
uities anticipated for future emergencies. Future work is 
also required to extract and analyze indicators for PHEP 
identified in the recent literature, as well as validate exist-
ing indicators in practice.

Conclusion
The 11 elements of an evidence-based pre-COVID-19 
pandemic, all-hazards Resilience Framework for PHEP 
developed in Canada relevant to local or regional public 
health agencies continue to be reflected in the literature 
identified in this scoping review. In the studies identified 
in this review, the following elements in the Resilience 
Framework for PHEP were represented in descending 
order of frequency: collaborative networks, commu-
nity engagement, risk analysis, communication, plan-
ning process, governance and leadership, surveillance 
and monitoring, resources, workforce capacity, learning 
and evaluation, and practice and experience. This scop-
ing review focused on infectious disease emergencies and 
through our analysis identified additional areas of pre-
paredness actions that pertain to the emergent themes of 
mitigating inequities, public health capacities, scientific 
capacities, and considerations for health system capacity. 
Planning to mitigate inequities was a particularly impor-
tant and frequently observed theme across the included 
publications, and one that warrants additional attention 
and efforts to operationalize into PHEP practice.
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