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Abstract 
Background: The COVID-19 pandemic calls attention to the importance of sustainable healthcare systems. 
Frail healthcare systems can become overwhelmed during public health crises, further exacerbating the 
human, economic, and political toll. Significant work has been done to describe the general attribute of 
sustainability and resilience in healthcare systems during crises. The next step would be to identify the 
research domains that has been highlighted during COVID-19 pandemic in order to reflect and achieve 
further sustainability in healthcare systems.  
Methods: A scoping review of the literature was conducted to identify recurring themes, research domains 
and capacities needed to maintain healthcare systems’ sustainability in COVID-19 outbreak. Until 13 
December 2020, six electronic databases were searched using specific keywords such as ‘sustainability,’ 
‘resilience,’ and ‘surge capacity’ in ‘healthcare systems.’  Peer-reviewed articles went through a 
scientometric analysis mapping research fields, domains, study destinations and keywords. 
Results: 104 studies met the inclusion criteria – majority (75%) focused on medical research followed by 
interdisciplinary (12%), social science (5%), and environment studies (5%). Originally identified domains 
of healthcare systems’ sustainability research included ‘capacity calculation,’ ‘telehealth,’ ‘environment,’ 
‘inequity,’ ‘data,’ ‘holistic nexus planning,’ ‘social & environmental risk factor,’ ‘transport connectivity,’ 
and ‘vulnerability.’ 
Conclusion: This scoping review represents a systematic assessment of the research domains of healthcare 
systems’ sustainability during COVID-19 pandemic. Further refined and broadened sustainability 
framework is required so that healthcare systems can simultaneously achieve sustainable transformations 
in healthcare practice and health service delivery as well as improve their preparedness for emergencies. 
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1. Introduction 
1.1. Problem Statement 
The Global Risks Report 2020 highlighted that infectious diseases are ranked the second-highest 
societal risk (after water crises), with a few technological, geopolitical, and environmental risks 
higher rated (WEF, 2020). Considering that epidemic outbreaks have occurred relatively 
frequently in the past, building sustainability-related knowledge for the current pandemic may 
contribute to better preparedness and response for the next outbreak (Haghani et al., 2020). 

The COVID-19 pandemic has triggered an avalanche of scientific research, both within and 
outside the medical domain (Haghani et al., 2020). Accordingly, questions also have risen 
on sustaining the healthcare systems’ capacity to safeguard public health. The enormity of 
these scientific efforts and the speed at which the knowledge on this topic has posed 
significant difficulties to keep abreast with the knowledge expansion in sustainability 
research that gained traction since 2016 with the United Nations (UN) adopting 17 
Sustainable Development Goals (UNDP, 2015). 

To address this challenge and help better organize these emerging and rapidly developing 
scientific outcomes, this review conducted a macro-scale analysis of the scientific literature 
on healthcare systems’ sustainability during the ongoing COVID-19 pandemic. 

The scholarly efforts on the sustainability or resilience dimensions and their findings and 
recommendations should be comprehensively identified to help further academic 
investigations into the sustainability impacts on the pandemic that has been prolonged with 
the second wave’s impact. Such endeavor can be significant for informing policies in the 
face of this emergency. As such, a systematic re-visiting of the existing knowledge to identify 
gaps and overlooked areas is required to better guide and mobilise academic’s expertise towards 
effective solutions.  

Thus, study aims to provide a scientometric analysis and a scoping review of literature researching 
sustainability issues of a healthcare system during the COVID-19 pandemic and identify the main 
sustainability-related dimensions that studies have thus far addressed. 

1.2. Background of COVID-19 Pandemic 
As the COVID-19 pandemic is soaring globally, the worldwide case count in December 2020 
recorded approximately 70 Million (Johns Hopkins University CSSE, 2020). At this point, it is 
essential to have an overview of what is known about the disease itself and its epidemiological 
dynamics.  

The first cases of the disease emerged in the Wuhan province in China in December of 2019, 
identified as pneumonia of unknown origin. In January, the Chinese authorities shared the 
sequence of a new coronavirus of zoonotic origin, SARS-CoV-2. As of March 2020, the World 
Health Organisation (WHO) declared the European continent an active center of the disease. Since 
then, the world has gone through unheard-of lockdowns and quarantine measures paralyzing 
the whole society.  

The SARS-CoV-2 is part of the beta-coronavirus family known to potentially cause Severe Acute 
Respiratory Syndrome (SARS). The virus is transmitted from person to person via respiratory 
droplets and aerosols (WHO, 2020). Symptoms include fever, dry cough, musculoskeletal aches, 
and sore throat. The elderly and people with preconditions can run into complications, such as 
severe pneumonia, organ failures, and even death (WHO, 2020). However, a large number of 



 - 2 - 

infected people do not present any or only mild symptoms. This makes epidemic surveillance 
especially difficult, as carriers of the virus could spread it unknowingly (Zhao et al., 2020).  

The basic reproductive number (R0) of the disease, which is the mean number of people infected 
by one infected person, fluctuates between 1.95 and 6.47 (Katul et al., 2020). Such variability of 
R0 is attributed to local spatio-temporal variability in public health resources, interventions, and 
how individuals in a population interact among others, as well as the estimation method used 
(Katul et al., 2020; Ridenhour et al., 2018; Delamater et al., 2019). Due to this local variability, it 
is commonly held that R0 is a site-specific parameter that cannot be directly transferred between 
sites (Katul et al., 2020).  

When disease control strategies have been undertaken, as drastic as a lockdown in Germany, the 
effective reproductive number went as low as 1.05 in early November (Robert Koch Institut, 2020). 
Indeed, to avoid overwhelming stress on healthcare systems, lockdowns, quarantine and isolation 
measures, and general public life restrictions have been undertaken worldwide. These have since 
then been relaxed in Germany due to a slowing of the spread. Regulations in public spaces persist, 
such as mandatory nose-and-mouth protection, interpersonal distance, hygiene measures, as well 
as wide-spread testing and contact-tracing. Though the disease’s decrease has uplifted the public’s 
spirit, the urgency for continued control measures is apparent, as projections indicate a second 
wave or the risk of a resurgence of hotspots across the country.  

Fortunately, from December 2020, countries are reaching very quickly for a nation-wide 
vaccination plan, starting in the United Kingdom. As previous vaccination campaigns have shown, 
i.e., for pandemic influenza (Lugnér et al., 2012), this is a safe, cost, and time-effective strategy 
to limit transmission, death, and the burden on the healthcare system as well as on the country’s 
economy. 

1.3. Healthcare Systems’ Challenges in COVID-19 
It has never been so prominent how each country’s different healthcare systems result in 
various case-fatality rates or R0 value of the pandemic according to the local situation 
(ECDC, 2020). COVID-19 is a considerable burden in health systems. Twenty percent of people 
infected with COVID-19 need hospitalization (Roser et al., 2020), yet most medical systems can 
barely cope with the surge of numbers. COVID-19 has also revealed weaknesses in our global 
health supply chain. Just-in-time-ordering system works well in ‘normal’ times; however, this 
means a lack of reserves in a time of crisis. Responding quickly to a pandemic outbreak is critical 
due its nature of an exponential spread. As hospitals or countries have run out of face masks or 
personal protective equipment, a time-lag was caused, by then ordering more from the supplier, 
and waiting for production and shipment, generally, from China (Shaikh, 2020). 

Different healthcare systems’ capacities are put under a test on how each system takes 
control over the epidemic. The outbreak of COVID-19 has shed light on multiple challenges that 
healthcare faces, including increasing demands of diagnostic kits, surging price and time cost in 
developing cures and vaccines, higher patient expectations, and diminishing resources (Faezipour 
& Ferreira, 2011). These challenges are all considered unsustainable (Coiera & Hovenga, 2007). 
The majority of the principles have come to a consensus to prevent overstraining the system 
by, i.e., flattening the curve, social distancing, and sanitizing one’s hands often. Such 
measures are ultimately targeted to safeguard one’s health and to ensure that the system 
remains its functionality to protect the public’s health as a whole.  

However, how different healthcare systems count and report their COVID-19 data has not 
reached an agreement, and deciding on required safety measures varies, resulting in 
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substantial heterogeneity between countries (Johns Hopkins University CSSE, 2020). On this 
note, measuring or reaching health systems’ sustainability or resilience has become a 
significant question (Haldane & Morgan, 2020). 

Preventing the infectious disease from spreading and without straining the healthcare system 
requires primarily the public healthcare system’s capacity to vaccinate people and then the 
infrastructure to cope with public order and obedience to protocols, rationing, and other 
multidisciplinary measures. A timely, streamlined, well-funded, and efficiently reported health 
surveillance system is essential to monitor the threat of potential epidemics (Brannen & Hicks, 
2020). Before vaccination has come to avail, many systems relied on radically introduced public 
order – namely the “new normal” based on each social dynamics, politics, and scientific 
knowledge of its time (Aziz et al., 2020). 

The coronavirus is dispersing between countries via international air travel, causing 
problems not only for their health systems but for economies and political leaders (Brannen 
& Hicks, 2020). Strengthening global alliances due to the nature of pandemics traveling over 
borders should be reiterated considering reaching Sustainable Development Goal (SDG) 17: 
Partnerships for the Goals and SDG 3: Ensure healthy lives and well-being.  

1.4. Healthcare Systems’ Sustainability 
The concept of sustainable development has had proliferation of definitions, such that it has come         
to mean many different things to many different people depending on their settings (Johnston et al., 
2007). This section introduces the narrowed definition of sustainability and its equivalent 
terminologies which were discovered in the discourse of healthcare systems’ research. Explored 
terminologies below were used as keywords for the search strategy on electronic databases (see 8.1. 
Databases search terms). 

1.4.1. Definition of ‘sustainability’, ‘resilience’, and ‘surge capacity’ 
1.4.1.1. Sustainability 

According to Lennox et al.’s systematic review of sustainability approaches in healthcare (2018), 
including 62 studies, the definitions for ‘sustainability’ contain five distinct characteristics. 

ⅰ) Continued program activities, e.g., ‘the ability of activities to continue appropriate to the local   
context after the withdrawal of external funding (Siveram & Celentano, 2003)’,   
ⅱ) Continued health benefits, e.g., ‘the ability to sustain population health outcomes (Sarriot et  
al., 2008)’,  
ⅲ) Capacity built, e.g., ‘inter-organizational relationships that might serve as a basis of the 
collaborative problem-solving capacity (Sridharan et al., 2007)’,  
ⅳ) Further development (adaptation), e.g., ‘adapting successfully to change and providing a 
range of valued service delivery opportunities and practices effectively and efficiently (Schalock 
et al., 2016)’,  
ⅴ) Recovering costs, e.g., ‘the ability of an organization to produce outputs of sufficient value so 
that it acquires enough inputs to continue production at a steady or growing rate (Brinkerhoff & 
Goldsmith, 1992)’. 

Lennox et al. (2018) also discovered the underlying theoretical perspectives of sustainability in 
healthcare and categorized them into four domains. 

ⅰ) diffusion of innovation, e.g., ‘sustainability is viewed as the final stage of initiative life.’ 
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ⅱ) complex (systems) theory, e.g., ‘sustainability is a nonlinear process where change, adaptation, 
and uncertainty are expected.’ 
ⅲ) ecological theory, e.g., ‘sustainability is an ongoing and dynamic process that occurs 
throughout implementation.’ 
ⅳ) general/open systems theory, e.g., ‘sustainability is a process where things can return to the 
norm (homeostasis) or adapt to the environment to survive.’  

Then, in Lennox et al.’s follow-up scoping review (2020), nine sustainability outcome variables 
were reported. 

ⅰ. Whether benefits or outcomes for patients, staffs, and stakeholders are continued  
ⅱ. Continued programme activities or components of the original intervention  
ⅲ. Maintenance of partnerships or coalitions developed during the funded programme 
ⅳ. Maintenance of new organisational practices, procedures, and policies that were started 
during programme implementation 
ⅴ. Sustained attention to the issue or problem 
ⅵ. Programme diffusion, replication, roll-out, or scale-up in other sites 
ⅶ. Capacity built within staff and stakeholders 
ⅷ. Innovation and adaptation 
ⅸ. Ability to garner further funding 

These extracted definitions, theoretical perspectives, and outcomes provided a groundwork 
establishing criteria to assess sustainability in this paper.  

1.4.1.2. Resilience 

Haahtela and colleagues (2020) focused on reactive community resilience as a sustained ability to 
respond and recover from shocks and stressors. On the other hand, Palagyi and colleagues (2019) 
highlighted resilience as proactiveness. They identified the core constructs of ‘resilience’ in a 
health system towards preparedness for emerging infectious diseases in low- and middle-income 
countries (LMICs)-setting. From 49 peer-reviewed articles, the Health Systems Resilience for 
Emerging Infectious Diseases (HSREID) framework resulted in six core constructs divided into 
four hardware and two software elements. The four hardware constructs focus on material 
resources and structures. 

ⅰ) Infrastructure and medical supply includes four elements, e.g. healthcare facilities, equipment, 
laboratory systems, and essential medicines & technologies,  
ⅱ) Human capital/Workforce includes four elements, e.g. key skill sets, health workforce 
numbers, competency (training), and deployment, 
ⅲ) Surveillance consists of five elements, e.g. human disease surveillance, animal and zoonotic 
disease surveillance, screening and referral processes, vector control programmes, and prediction 
modeling, 
ⅳ) Communication mechanisms covers five elements, e.g. national reporting & notification 
systems, health facility protocols, laboratory protocols, media & public health messages, and 
community engagement. 

The other two software constructs focused on human and institutional relationships, values, and 
norms. 
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v) Governance consists of five elements, e.g. health leadership, multisectoral coordination, 
partnerships, health worker management & support, and community engagement, 
vi) Trust includes three features, e.g. institutional trust, workplace trust, and patient-provider trust. 

1.4.1.3. Surge Capacity 

According to WHO’s technical working guidance #2 (2020), ‘surge capacity’ is defined as the a 
health system’s ability to manage a sudden and unexpected influx of patients in a disaster or 
emergency. Surge capacity can be created intrinsically with local resources that can be used for 
the response or extrinsically by leveraging resources outside the affected area; across geography 
or specialty. In the guidance, taking a comprehensive approach and linking ‘four S’s’ are 
introduced to establish surge capacity.  

ⅰ) Space, in other words, structure, covers hospitals, beds, Intensive Care Units (ICUs), and 
cohort wards with adequate air ventilation. Space also includes potential repurposing of the 
area, such as, hotels, sports arenas or exhibition halls to provide for excess patient numbers. 
ⅱ) Staff is about ensuring sufficient numbers of skilled health (and social care) workers during the 
emergency. In addition to the number of staff needed and where staff can be added or repurposed 
from, surge capacity must account for varying degrees of staff-need, specializations required, 
and crucially, analysis of potential shortfalls. Potential staff shortfalls can occur for 
nonattendance due to stress, overwork, mental health concerns, and prospective sickness. 
Sufficient rest and recuperation for staff, as well as their unavailability to work, need to be 
accounted for in any surge capacity calculation. 

ⅲ) Supplies relates to the availability of specific equipment for emergency deployment, both for 
patient care and health worker safety. In the context of COVID-19, this covers different types of 
wards and beds, intubation equipment, mechanical ventilators, and essential medications. 
In particular, supplies of oxygen, extracorporeal membrane oxygenation equipment 
(ECMO), personal protective equipment (PPE), et cetera. For the establishment of camp-style 
hospitals, a range of supplies, including hoses and connectors, will also be needed. Insufficient 
supplies, or procedures to procure them quickly, will severely hinder any surge response.  

ⅳ) Systems refer to modes of working to ensure proactive coordination for optimum surge capacity 
response. These modes of working ensure that integrated policies and procedures exist and are 
activated to develop optimized, sustainable surge capacity. Systems are not just the glue that binds 
all surge elements together but are also what ensures that these elements work together in practice. 
Systems covers decision-making, communication, continuity of operations, and supply chain 
management. Evidence gathered in previous emergencies indicates that inadequate management 
systems during surge capacity planning and response have been the weak point of the four S’s, 
resulting in under-utilization of available surge capacity resources during emergencies (Fisher et 
al., 2020). 

1.4.2. Comparison of ‘sustainability’, ‘resilience’, and ‘surge capacity’ 
 

Sustainability Resilience Surge Capacity 

ⅰ) Continued Program Activities i) Infrastructure & Medical Supply i) Space 

ⅱ) Continued Health Benefit ii) Human Capital / Workforce ii) Staff 

ⅲ) Capacity Built iii) Surveillance iii) Supplies 
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ⅳ) Further Development 
(Adaptation) 

iv) Communication Mechanisms iv) Systems 

ⅴ) Recovering Costs v) Governance - 

- vi) Trust - 

Figure 1. Summary of definitions 

As seen above, key terms ‘sustainability,’ ‘resilience,’ and ‘surge capacity’ share the same goal of 
safeguarding systems’ capacity to provide health services continuously. For example, both 
‘resilience’ and ‘surge capacity’ consists of elements as medical equipment and human resources.  

Based on the former researches in the field of implementation science, one can arguably come to 
a consensus that sustainability in healthcare systems is both an ‘outcome’ where health benefits 
and intervention activities are maintained, as well as an ongoing ‘process’, recognising the need 
to respond and adapt to promote the continuation of improved practices, benefits or outcomes 
(Moore et al., 2017).  

 

2. Method 
2.1. Research design 
This study’s methodology is based on a literature review on research about healthcare 
systems’ sustainability during the COVID-19 pandemic. The review was performed referring 
to the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analysis) 
checklist (Liberati et al., 2009). Specifically, the methodological basis for the synopsis is based 
on the type of rapid review. As rapid reviews aim to provide a summary of the evidence in a short 
space of time, the evidence synthesis took place with a limited time frame of fewer than five weeks 
of processing to provide information on the pressing topic.  

Literature published with sustainability components was closely examined to identify the 
dimensions of research that have thus far been addressed regarding healthcare systems’ 
sustainability or resilience, namely, in a broader perspective, its’ capacity. 

The research approach is designed to examine sustainability at a national organization or 
systems-level (e.g., a long-term care organization) rather than focusing on intervention or 
program level (e.g., a single improvement project). The results are expected to be used in a 
general healthcare setting; in other words, national public health settings with a possible aid 
by e-healthcare applications such as telemedicine. The approaches are designed to be used 
by multiple professionals or healthcare practitioners, including decision and policymakers. 

The scientometric and graphical display of the result is to identify an underrepresented and 
selective list of potential sustainability-related dimensions that were researched in the 
scholarly domain during this pandemic. This may warrant further attention by the 
sustainability research community as the scale and scope of these crises become clearer, not 
in the least, to facilitate a wider understanding of the various sustainability implications as 
a basis for improved societal preparedness and response to future pandemic outbreaks. 

Lastly, to identify the main sustainability research dimensions that have thus far been addressed 
in the healthcare setting, a scoping review methodology is applied. The review type is suitable for 
a rapid assessment of the potential size and scope of the available research literature and can 
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primarily serve as a basis for directing further research efforts (Arkesy & O’Malley, 2005; Grant 
& Booth, 2009). Literature published with sustainability components was closely examined 
to identify the dimensions of research that have thus far been addressed regarding healthcare 
systems’ sustainability or resilience, namely, in a broader perspective, its’ capacity. 

A keyword search was conducted screening through title, abstract, method, and conclusion 
sections outlined in Result 3-2. Scoping Review on Sustainability-related Research Dimensions. 

2.2. Search methods and eligibility criteria 
Until 13 December 2020, six electronic databases were searched using specific keywords to 
identify peer-reviewed articles or systematic reviews relevant to the sustainability research 
in healthcare systems’ during the COVID-19 pandemic. A flow diagram depicting the process 
of the literature search and screening is provided in Figure 2. 

• PubMed (searched on a reference management software EndNote X9) 
• Web of Science v.5.35 
• WHO COVID-19 Global literature on coronavirus disease 
• NIPH (Norwegian Institute of Public Health) systematic and living map of COVID-

19 evidence 
• Cochrane Library 
• Google Scholar 

In each search interfaces, the following search algorithm was used: {(sustainab*) OR 
(resilien*) OR (capacity)} AND {(healthcare) OR (health system) OR (health)} AND 
{(COVID-19) OR (SARS-CoV-2) OR (COVID) OR (corona*) OR (pandem*) OR (epidem*)} 
(see Appendix 8.1 Database search terms for details). Variations of ‘capacity’ such as 
‘community capacity,’ ‘healthcare capacity,’ or ‘system capacity’ were all considered 
synonym as ‘surge capacity.’ To exclude previous pandemics, the publication date was 
restricted to the year 2020. 

Studies that met eligibility criteria of the publication type, study population, and study 
subject were included after the title and abstract screening and, if necessary, a full-text 
analysis was conducted. When setting the eligibility criteria of the systematic screening, 
Lennox et al.’s (2018) definition of sustainability, Palagyi et al. (2019) identification of the core 
constructs of resilience, and WHO’s (2020) key component for surge capacity was referred to. 

Studies were not limited to a geographical location; however, the publication language was 
restricted to English. If applicable, the study subject was restricted to the population that 
works in a healthcare setting, such as medical staff, since they are part of the healthcare 
resources securing sustainability (Lennox et al., 2018; Palagyi et al., 2019; WHO, 2020). 
Also, research on the economic aspect of healthcare systems is included since the funding 
and the ability to continue the medical programs are crucial to achieving sustainability 
(Lennox et al., 2018). 

As for the study population, exploring specific clinical interventions such as therapy or 
treatment targeted at a certain patient group are excluded as thus far identified risk factors 
of COVID-19 such as age, diabetes, heart disease, obesity, or hypertension require an 
intricate level of intervention in terms of medicines, equipment, and palliative care that 
should be studied in clinical research. With a similar rationale, medical supplies that are not 
identified as a component of surge capacity, such as blood glucose testing device is also 
excluded.  
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Studies targeting a specific population other than healthcare workers, such as senior citizens, 
young adults, family, mothers, and infants, were excluded as this review does not focus on 
individual patients’ health; instead, it aims to study the macroscopic level of healthcare 
systems’ capacity. Similarly, research that looks into specific settings’ or systems’ other 
than healthcare facilities, i.e., home, business, agriculture, theme parks, transportation, 
education, i.e., schools or universities, ecological environments, i.e., courtyard or wildlife, 
religious settings, comparing different ethnicities, are excluded as well.  

However, studies investigating healthcare systems’ context in a specific community setting 
such as rural areas are included as these systems operate in different surroundings. Similarly, 
research on indigenous populations was included as a resource-limited setting similar to that 
of Low-Middle Income Countries (LMICs). Specially purposed healthcare settings such as 
military medical center or children’s hospital were also included in this review. 

Regarding publication types, the review focuses on open-access, peer-reviewed journals. 
Preprints were excluded from compensating the limitation of this research being conducted 
by a single author and secure the research rigor. Statements, letters, interviews, reflections, 
commentaries, and editorials that lack a study method, clear guidance, or tool were excluded 
after the full-text screening. Statements from the WHO or political briefs meeting the above-
mentioned eligibility criteria were included, given the pivotal role of a decision-making 
institute and documents providing guidance or a tool that can be directly implemented in 
healthcare systems. 

2.3. Data extraction and analysis 
According to Lennox et al. (2018), Palagyi et al. (2019), and WHO’s (2020) definitions of 
sustainability in healthcare systems and its’ assessment criteria, the extracted data were 
summarized graphically using VOSviewer v1.6.16 and each study’s highlights were narratively 
described.  

Scientometric methods are applied in the result to obtain high-level insights into the development 
of these research domains. Apart from elementary statistics and standard visualization graphs, 
VOSviewer software is used for text mining algorithms to identify noun phrases from the title 
and abstract of the publications, from which networks, clusters, and heatmaps can be constructed 
(van Eck & Waltman, 2020).  

Database search, article screening, study selection, data extraction, and analysis were performed 
by a single investigator (SP).  

 
3. Results 
A total of 343 records from the searches were retrieved. After excluding 136 duplicate records, 
207 unique records were screened. A total of 67 records did not meet the eligibility criteria and 
were excluded at this stage. Another 36 studies were deemed irrelevant after a full-text analysis, 
majorly due to publication type, study population, and study subject not meeting the eligibility 
criteria (see Appendix 8.2 Table of 36 excluded studies with reasons). For this scoping review, 
104 studies were included with available data for analysis. 
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Figure 2. Flow diagram of the scoping review 
 

The full data extraction regarding publication details (author(s), title, journal), study 
region/population, sustainability dimension/topic of 104 included papers are synthesized in 
Appendix 8.3 Table of 104 included studies. 
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Transitions (health, energy, and technology), International Journal of Environmental Research 
& Public Health (health, environment), Health Place (health, place), Zentralblatt für 
Arbeitsmedizin, Arbeitsschutz und Ergonomie (health, work, environment, and safety), Chaos 
Solitons & Fractals (nonlinear science), Ambiente & Sociedade (society, environment), Safety 
Science, and Sustainability. Then there were 7% (7/105) that covered Social Science topics, 
mostly focusing on global governance (5/7), published by WHO and G20, suggesting guidance 
for each country and encouraging international partnerships. See Figure 3-(b) for journals’ 
subject areas segmented into detail. 

Understandably, most publications on healthcare systems’ sustainability have thus far appeared 
in journals listed under the field of Medicine, highlighting the concerted efforts on clinical 
research of the fight against the disease, compared to all other aspects currently receiving much 
less scientific attention. The most frequently identified journals within the medical field were 
BMJ (British Medical Journal), Frontiers in Public Health, and The Lancet, having collectively 
published nearly 15% (12/79) thus far. 

 
Figure 3-(a). Journals categorized into different fields 
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Figure 3-(b). Journals categorized by fields in detail (number of publications shown) 
 

Figure 4 visualises the number of publications targeted at various study origins in the world. 
Among 104 studies, 16 were conducted in a regional-level targeting worldwide (15%), 7 
conducted in a continent level (7%) – 4 in Europe, 1 in America, 1 in East Asia, and 1 in South 
America- and 2 targeting at Low-Middle Income Countries (2%).  Twelve studies were not 
restricted to a region. 

For the remaining 68 studies, the total amount was counted as 69 since one publication gathered 
their data from both the United States and Pakistan (Salik et al.). Among the identified 33 countries, 
studies targeted at the United States have contributed the highest number of publication (26%, 
18/69) regarding research of sustainability in healthcare systems during the COVID-19 pandemic, 
followed by research directed in the United Kingdom (4%, 3/69), Spain (4%, 3/69), Turkey (4%, 
3/69), Vietnam (4%, 3/69), Japan (4%, 3/69), Australia (4%, 3/69), and Brazil (4%, 3/69). 
Research outputs addressing other geographical areas are currently significantly less voluminous, 
with gaps apparent, especially in Africa, Eastern Europe, Middle East Asia, South Asia, Central 
Asia, and South America. 

1

1

1

1

1

1

1

1

2

2

2

3

3

4

5

6

8

9

10

19

24

0 5 10 15 20 25

All

Sociology

Safety Science

Medicine (AIDS)

Medicine (Thoracic Disease)

Telemedicine

Pediatrics

Pharmacy

Medicine (Infectious Disease)

Anesthesia

Sustainability

Nursing

Psychology

Psychiatry

Environment

Governance

Clinical Medicine

Health Policy & Management

Interdisciplinary

Medicine

Public Heal th/Global Health

Fields of Journals in Detail



 - 12 - 

Figure 4. Distribution of study destinations (number of publications shown) 
 

Finally, a co-occurrence keyword analysis was conducted using VOSviewer v1.6.16, on the terms 
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The fact that ‘COVID-19’ is induced by ‘SARS-CoV-2,’ which comes from the family of the 
‘betacoronavirus’ has a clear reflection on the key terms of the publications. Regarding the 
healthcare systems’ sustainability, ‘surge capacity’, ‘hospital bed capacity’, ‘intensive care units’, 
and ‘supply & distribution’ were identified as keywords. 

Figure 6 presents a more detailed output of the scientometric mapping analysis on the 104 selected 
publications of healthcare systems’ sustainability during the COVID-19 pandemic. The network 
of most frequently occurring key terms are shown in Figure 6-(a), while the corresponding heat 
maps are shown in Figure 6-(b).  

In the network image of Figure 6-(a), the size of each node is proportional to the appearance 
frequency of the associated term (van Eck & Waltman, 2020). The relatedness of the key terms is 
also based on the number of times they appear in the same publication. More related key terms 
are generally visualised in closer proximity to each other, while the colours in the network 
visualisation represent the clusters of related key terms. From the selected publications, 62 hot 
terms were detected and classified into three distinct clusters. 
 

 

Figure 6-(a). The network of key terms classified into 3 clusters 
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cluster focuses on the health system and its governance, with 22 terms such as: ‘system’, ‘need’, 
‘health system’, ‘nation’, ‘government’, ‘population’, ‘framework’, ‘policy’, ‘process’, ‘evidence’, 
‘world’, ‘society’, ‘investment’, ‘sustainability’, ‘implementation’, ‘lesson’, and ‘context’.  

The heatmap in Figure 6-(b) shows frequently occurring terms’ density in the selected dataset. 
Overall, key terms such as, ‘resilience’, ‘capacity’, ‘country’, ‘disease’, ‘system’, ‘nurse’, ‘stress’, 
‘anxiety’, ‘case’, ‘population’ and ‘need’ are highlighted in red. 

 

Figure 6-(b). The heatmap of the key terms’ occurrence density 
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Figure 7-(a). Overall sustainability-related domains and its list 
 

Figure 7-(b) shows the distribution of researched concepts among sustainability, resilience and 
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Figure 7-(b). Distribution of Researched Concepts 
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Figure 7-(d). Identified Domains of ‘Resilience’ (number of publications) 
 

On the other hand, as shown in Figure 7-(e), surge capacity directs equal attention to medical 
supplies and staffs. Accordingly, formulae to calculate surge capacity and health data management 
were studied under this domain. Other infrastructural and social domains were discovered as well, 
such as telehealth, transportation connectivity, and social/environmental risk factors. 

 

Figure 7-(e). Identified Domains of ‘Surge Capacity’ (number of publications) 
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4. Discussion 
As the outbreak of SARS in 2003 let China’s public health system improve due to all levels 
of governments’ increased investment in disease control and prevention (Tong et al., 2015), 
the outbreak of COVID-19 is expected to test the disease control capacity of all levels of 
organizations –from regional to worldwide - and guide all nations to seek for a better coping 
mechanism. Without investigating sustainability in healthcare systems, there is a risk 
wasting valuable resources and lose significant progress and patient outcome improvements. 

Therefore, a holistic view on what sustainability dimensions is relatively well covered and 
which have attracted less academic focus can be instrumental in directing further research 
efforts. 

The surge of studies triggered by COVID-19 appears to be the largest pandemic of all by far, 
which may reflect the magnitude of the crisis that this new disease has caused (Haghani et 
al., 2020). Clearly, reducing the burden on the healthcare system by ‘flattening the curve’ 
has been a distinct focus of coping with the pandemic. Studies from various disciplines – far 
beyond medicine and virology as central fields to understand and mitigate the disease itself 
– have emerged on this topic. This includes interdisciplinary fields of social sciences, 
economics, psychology, environmental sciences, and many more. 

To date, much of the literature that addresses healthcare systems’ sustainability during the 
COVID-19 pandemic were found under keywords ‘resilience’ or ‘(surge) capacity’ rather than 
‘sustainability’ in the electronic database.  

From the overall research domains under healthcare systems’ sustainability, it is distinctive that 
the majority focuses on the healthcare professionals’ wellbeing. This could be influenced by the 
social awareness and global movement to appreciate healthcare workers’ efforts on the front lines. 
As Kuhlmann et al. (2020) pointed out, the pandemic shock triggered policy developments that 
public health professionals had been advocating for many years: the health workforce was moving 
from cost factors and ‘faceless numbers or units of health producers to the heart and soul of health 
systems.’ 

Moving beyond the obvious medical safety implications of the COVID-19 pandemic –such as the 
safety of vaccines, medicine, treatments, laboratory testings– that have so far dominated the 
scholarly efforts in this domain, our paper highlighted a selective list of potential sustainability 
dimensions that have not been represented in the published systematic reviews. 

Newly discovered dimensions such as ‘capacity calculation,’ ‘telehealth’, ‘environment,’ 
‘avoiding inequality,’ ‘health data,’ ‘holistic nexus planning,’ ‘social and environmental risk 
factor,’ ‘transport connectivity,’ and ‘vulnerability calculation’ do not fall under any categories 
of the established framework defining healthcare systems’ sustainability (see 1.4. Healthcare 
Systems’ Sustainability for established framework). Corresponding findings provide important 
reference points for the COVID-19 pandemic that should be considered in future research. 

It is noteworthy that environmental factors (i.e., social and environmental risk factor, holistic 
nexus planning) are starting to be taken into consideration assessing sustainability in healthcare 
systems as a part of a more holistic approach. With environmental perspective added into a new 
framework, future systematic reviews are expected to warrant a more comprehensive result by 
capturing the ecological interconnectedness with healthcare systems.  
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Apprehending the interconnectedness between the environment and public health is an important 
matter as zoonotic illnesses are hard to eradicate, i.e., avian influenza, because they have an 
animal reservoir. Due to environmental changes and ecosystem impairment, organizations of all 
levels should be prepared to combat ‘ecosystem-mediated’ health impacts such as altered 
infectious disease risks (WHO, 2005). In other words, COVID-19 will not be the last major 
epidemic outbreak of our modern times arguably resulted by environmental hazards.  

As shown in the uneven distribution of publications by region (Figure 4), the next pandemic 
is far likelier to also emerge from a country or region that is poor, weakly governed, and 
with weak public health infrastructure (Brannen & Hicks, 2020). At present, it is remarkable 
to discover that there are less reported cases of COVID-19 from developing countries than 
the resourceful ones (Johns Hopkins University CSSE, 2020), which brings their precarious 
healthcare system to the surface. Hence, safeguarding global health from a pandemic is 
crucial by establishing a scientific protocol to attain a sustainable healthcare system for 
wide-spreading infectious diseases.  

The choices human beings make to interact with our planet could be driving us into a position 
where more outbreaks will inevitably occur posing threat to the current and future healthcare 
system. Part of that is about climate change and how a warming climate makes the world more 
hospitable to viruses and bacteria. On the other hand, it is about the way civilization are pushing 
into the last wild spaces on our planet. By burning and plowing the Amazon rain forest for cheap 
land for ranching, by converting African bush into farms, and by hunting wild animals to 
extinction in China, human beings come into contact with wildlife that has never come into 
approximation before (Shaikh, 2020). And those wildlife populations have new kinds of diseases 
from bacteria and viruses that have not been discovered yet. In addition, the environmental 
consequences of COVID-19, i.e., massive production of disposal items including masks, gloves, 
food takeaway containers, have yet been explored. 

Infectious diseases remain a grave threat to healthcare systems’ sustainability, and the vicious 
cycle between unsustainability and an epidemic outbreak may be exacerbated by rapid 
urbanization and impacts from climate change. Hence, research about infectious diseases, 
urbanization, climate change, and changing demographics needs to be conducted to support 
efforts in building global capacity to control and prevent the spread of emerging and re-emerging 
infectious diseases in the future. 

Similarly, health supply chain’s vulnerability as highlighted in our study (i.e., capacity 
calculation, health data, transport connectivity, vulnerability calculation), could have been 
arguably caused by making efficiency the only goal that comes with a significant tradeoff; 
resilience (Pollan, 2006). A highly efficient system is extremely brittle that when a 
disruption such as a pandemic hits, it starts to collapse. According to Pollan (2006), decades 
of making all of our supply chains as efficient as possible left our life-saving supply chains 
very vulnerable. Hence, further investigation is required to make sustainable supply chains 
with regards to emergency management and reserve capacity. 

Opportunely, efforts to enhance the healthcare supply capacity already have been disclosed 
in our study (i.e., telehealth, transport connectivity). For example, telehealth improved 
health services’ provision during COVID-19 outbreak by minimizing the risk of disease 
transmission and maintaining continuous care (Monaghesh & Hajizadeh, 2020). Regarding 
the transport connectivity, Cuadros and his colleagues (2020) argue that understanding the 
geospatial variation and connectivity is crucial in designing effective control programs in 
the future. Calculating healthcare systems’ capacity to control the daunting challenges of 
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infectious disease is also an originally discovered domain of research under healthcare systems’ 
sustainability (i.e., capacity calculation, health data, vulnerability calculation).  

A strength of our research is the rapid synopsis of evidence, which is critical for policymakers and 
emergency managers faced with this crisis to inform their decisions through scientific evidence 
maximally. However, it should be noted that only one reviewer synthesized the data, and gray 
literature was ignored in the course of the rapid review method. In addition, the methodological 
quality of the included studies was not assessed, so that possible biases in the presentation of 
results were also not taken into account.  

Ultimately, limiting the healthcare systems’ scope to medical providers, excluding communities, 
i.e., family, neighborhood, or religious community is not a logical criterion. Therefore, it is likely 
that further relevant work was not taken into account but represents a measure for practicability 
under limited time resources.  

Another limitation is that the selection of studies and data analysis was conducted by a single 
author, which generally requires two or three people in the process to reduce bias and error. 
However, the limitation is compensated by minimizing the heterogeneity when collecting studies. 
While defining the exclusion criteria, there were more than 3 endpoints which allowed a smaller 
scope of the review. Yet, the operation led to the result being less generalizable and having less 
external validity. In other words, the scoping review has less sensitivity, which measures the 
degree of comprehensiveness. Still, such an approach allows more precision and a higher degree 
of relevance when synthesizing articles.  

It is essential to emphasise that the above discussion only covers a selective list of potential ways 
by which further academic research could address perhaps less obvious sustainability implications 
of the epidemic. The scholarly literature generated in response to this global emergency is 
immensely dynamic and rapidly developing. Therefore, it is expected that more scientific evidence 
and solutions be offered on these and other under-researched sustainability dimensions as new 
studies emerge. 

Further accumulation of scientific research during and after the current epidemic could equip 
human societies and help them better prepare for global scale health emergencies in the future. In 
this regard, the current work aimed to highlight the sustainability dimensions related to which 
some research has already been published in connection to the COVID-19 pandemic. The author 
hopes that this can inspire other academics to identify gaps in the scope of the presented 
sustainability dimensions, and build an as diverse picture of the sustainability implications of the 
current pandemic. Casting a wide net of pandemic-related sustainability research can greatly 
facilitate societal and organizational learning in handling future pandemics.  

 
5. Conclusion 
Scientifically analyzing and understanding the various sustainability implications in 
healthcare systems during the COVID-19 pandemic can help societies better prepare for 
future epidemic outbreaks, and ultimately support informed decision-making in light of 
societal values. As evidenced by this review, a significant portion of the knowledge that is 
being leveraged today in the fight against the COVID-19 disease has been obtained due to 
the research efforts that were made in response to previous pandemics of similar nature. 

To promptly deal with future infectious disease threats, comprehensive prevention and response 
strategies, which integrate a variety of complementary actions and measures from all society 
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players, are required. A critical ingredient for addressing pandemics would be finding an optimal, 
arguably sustainable, protocol through assessing established pillars as medical equipment, funding, 
and healthcare workers upholding the healthcare system. Our scoping review suggests adding 
novel domains as ‘capacity calculation,’ ‘telehealth’, ‘environment,’ ‘avoiding inequality,’ 
‘health data,’ ‘holistic nexus planning,’ ‘social and environmental risk factor,’ ‘transport 
connectivity,’ and ‘vulnerability calculation’ to the framework of sustainable healthcare system.  

It is hoped that this study can contribute towards accelerating and facilitating scientific efforts and 
bringing the sustainability-implications of this global emergency to the sustainability research 
community’s attention. As demonstrated by the scientometric analyses and the scoping review, 
such implications go far beyond the biological and immunological aspects and research on 
vaccines and medical treatment, which are scientific priorities. Rather, these sustainability 
implications include factors related to the environment, technology and highlights the mental 
wellbeing of the medical professionals, as well as issues related to the protection of social justice 
and the medical supply chain. 

There remains a need to further both refine and broaden the concept of sustainability so that 
healthcare systems can simultaneously achieve sustainable transformations in healthcare practice 
and health service delivery as well as improve their preparedness for emergencies. 
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8. Appendix 
8.1. Database search terms 
PubMed (NLM) on EndNote X9 
#1 “Healthcare” 
#2 (“sustainab” OR “resilien”) 
#3 (“COVID” OR “COVID-19” OR “SARS-CoV-2” OR “pandem” OR “epidem”) 
#4 #1 AND #2 AND #3 
#5 #4 AND Filters: Publication date from 2019/12/01 to 2020/12/13 
Yield n=49 
 
Web of Science v.5.35 
• Timespan=2020-2020 
#1 TI= ("health" AND "sustainability")  
#2 TI= (“health” AND “resilience”) 
#3 TI= (“health” AND “capacity”) 
#4 Refined by TP=(“covid”) 
#5 (#1 OR #2 OR #3) AND #4 
Yield n=75 
 
NIPH systematic and living map of COVID-19 evidence 
#1 Topic= “Experiences and perceptions; consequences; social, political, economic aspects” 
#2 Population= (“General or not specified” OR “Intensive care unit” OR “Health care 
providers” OR “Nursing homes” OR “Other”) 
#3 Title= (“sustainab*” OR “resilien*” OR “capacity”) 
Yield n=28 
 
WHO COVID-19 Global literature on coronavirus disease 
#1 TI= (“sustainable”) OR (“sustainability”) 
#2 TI= (“resilience”) OR (“resilient”) 
#3 TI= (“capacity”) 
#4 TI= (“health”) 
#5 (#1 AND #4) OR (#2 AND #4) OR (#3 AND #4) 
#6 LA=(“en”) 
Yield n=91 
 
Cochrane Library 
#1 Record Title= {(“sustainability” OR “resilience” OR “capacity”) AND “covid”} 
#2 Cochrane Library publication date from 2020 to 2020 
Yield n=3 
 
Google Scholar 
#1 with all of the words= (“covid” AND “health”) 
#2 with at least one of the words= (“sustainab*” OR “resilien*” OR “capacity”) 
#3 return articles dated between= (“2020”-“2020”) 
Yield n=97 
 
Total search yield: n=343 
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8.2. Table of 36 excluded studies with reasons 

 

Author(s) Title Journal Reasons for Exclusion

McAndrews et al. Psychological distress, resilience & mental health resources in a Canadian 
hospital during COVID-19: Thoughts in preparing for the next wave

General Hospital 
Psychiatry

Not open access

Hunte et al. Health Systems' Resilience: COVID-19 Response in Trinidad and Tobago AM J Tropical medicine 
& Hygiene

Full text not available

Zachariah et al.
Strengthening the core health research capacity of national health 
systems helps build country resilience to epidemics: a cross-sectional 
survey

F1000Research Preprint

Anderson et al. Developing a sustainable exit strategy for COVID-19: health, economic
and public policy implications

J The Royal Society of 
Medicine

Pubication type: Commentary

Khetrapal & Bhatia Impact of COVID-19 pandemic on health system 
& Sustainable Development Goal 3

Indian J Medical 
Research

Pubication type: Short article 
without a method

Santarone et al. Preserving mental health and resilience in frontline healthcare workers 
during COVID-19

American J Emergency 
Medicine

Pubication type: Short article 
without a method

Kalaitzaki et al. The healthcare professionals amidst COVID-19 pandemic: 
A perspective of resilience and posttraumatic growth

Asian J Psychiatry Pubication type: Short article 
without a method

Cagliuso et al. Fierce Advocates for Building All-Hazards Resurgence and Resilience: 
NYC Health + Hospitals' COVID-19 Experiences Applied

Health Security Publication type: Commentary

Talley A sustainable future in health: ensuring as health professionals our own 
house is in order and leading by example

Medical J Australia Publication type: Editorial

Wu Health worker well-being and resilience: 
A Red Ball issue for the COVID-19 response

SAGE Publication type: Editorial

Gopichandran & 
Subramaniam

Response to Covid-19: An ethical imperative to build a resilient 
health system in India

Indian J Medical Ethics Publication type: Editorial

Reed & Morales
Economic Packages for COVID-19 Recovery Must Invest in More Resilient 
Health Systems Cristian Morales MS MPH PAHO/WHO Permanent 
Representative, Mexico

Medicc Review Publication type: Interview

Ali Covid-19: planning a future that focuses on sustainability, health,
and social value

British Medical J Publication type: Letter

O'Donnell et al. Promoting Resilience for Pediatric Health Care Workers 
in the Era of COVID-19: The PRISM at Work Program

J Palliative Medicine Publication type: Letter

Frias et al. Resilience and Emotional Support in Health Care Professionals 
During the COVID-19 Pandemic

J Psychosocial Nursing 
& Mental Health 
Services

Publication type: Letter

Chang et al. Battle Scars and Resilience at the Health Care Frontline Academic Emergency 
Medicine

Publication type: Reflection

Mbow et al. The resilience of two professionalized departmental health insurance 
units during the COVID-19 pandemic in Senegal.

J Global Health Publication type: Viewpoints

Lau et al. Resilience of Hong Kong people in the COVID-19 pandemic: 
lessons learned from a survey at the peak of the pandemic in Spring 2020

Asia Pacific J 
Social Work & 
Development

Study population: 
General public

Pearman et al. Age Differences in Risk and Resilience Factors in COVID-19-Related Stress
J Gerontology Series B 
Psychological Sciences 
& Social Sciences

Study population: 
General public

Karasar & Canli
Psychological Resilience and Depression during the Covid-19 Pandemic in 
Turkey Psychiatria Danubina

Study population: 
General public

PeConga et al. Resilience Is Spreading: Mental Health Within the COVID-19 Pandemic
Psychological Trauma-
Theory Research 
Practice & Policy

Study population: 
General public

Kelly et al. 
Mental health, mental capacity, ethics, and the law in the context of 
COVID-19 (coronavirus) Int J Law Psychiatry 

Study population: 
General public

Barzilay et al. Resilience, COVID-19-related stress, anxiety and depression during the 
pandemic in a large population enriched for healthcare providers

Translational 
Psychiatry

Study population:
General public

Stavert & McKay
Scottish mental health and capacity law: The normal, pandemic and 'new 
normal'

International J Law & 
Psychiatry

Study population: Mentally ill 
patients

Fantz & Rivers COVID-19 Awakens a New Focus on Surge Capacity Blood Glucose Testing 
and the Critical Role of Telehealth in Self-Management

J Diabetes Science 
Technology

Study population: 
Diabetic patients

Thota et al.
Telehealth Is a Sustainable Population Health Strategy to Lower Costs and 
Increase Quality of Health Care in Rural Utah J Clinical Oncology 

Study population:
Cancer patients

Shanahan et al. Emotional Distress in Young Adults During the COVID-19 Pandemic: 
Evidence of Risk and Resilience From a Longitudinal Cohort Study

Psychological MedicineStudy population: 
Young Adults

Chandni et al.
Building resilient societies after COVID-19: the case for investing in 
maternal, neonatal, and child health

The Lancet 
Public Health

Study population: 
Maternal, neonatal, and child

Rizan et al. Using surgical sustainability principles to improve planetary health and 
optimise surgical services following the COVID-19 pandemic

The Bulletin of the 
Royal College of 
Surgeons of England

Study subject: 
Clinical practice (surgery)

Guerriero et al. Health and sustainability in post-pandemic economic policies Nature Sustainability Study subject: Economy

Timoshyna et al. COVID-19—The Role of Wild Plants in Health Treatment and Why 
Sustainability of Their Trade Matters

Traffic Study subject: Environment

Laina In Response to COVID-19: Promoting Sustainability and Resilience 
Regarding Major Health Crises

Environmental Policy & 
Law

Study subject: Environment

Capon et al. Environmentally sustainable health care: Now is the time for action Medical J Australia Study subject: Environment 
Publication type: Editorial

Krieger
ENOUGH: COVID-19, Structural Racism, Police Brutality, Plutocracy, 
Climate Change-and Time For Health Justice, Democratic Governance, an 
an Equitable, Sustainable Future

American Medical J 
Public Health

Study subject: Society

Xiao et al.
The Role of Resilience and Gender in Relation to Infectious-Disease-
Specific Health Literacy and Anxiety During the COVID-19 Pandemic

Neuropsychiatric 
Disease & Treatment Study subject: Society
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8.3. Table of 104 included studies 
The table lists publication information, study region, and the sustainability dimension. 
Sustainability dimension which is the overall keyword of the research is extracted from the 
documents based on a close reading strategy (Paul & Elder, 2019) where the sustainability-related 
dimensions are interpreted and grouped based on criteria mentioned in the 2. Methods section. 

Author         
(et al.) Title Journal Study       

Region Topic 

Bang 
Gauging Cameroon's resilience to the COVID-19 
pandemic: implications for enduring a novel health crisis 

Transforming 
Government-
People Process & 
Policy 

Cameroon resilience 

Barabadi 
A Holistic View of Health Infrastructure Resilience before 
and after COVID-19 

Archives Bone & 
Joint Surgery - resilience 

Chua Health system resilience in managing the COVID-19 
pandemic: lessons from Singapore 

BMJ Singapore resilience 

Cohen 
Health-Care Services as a Platform for Building 
Community Resilience among Minority Communities: An 
Israeli Pilot Study during the COVID-19 Outbreak 

Int J Environ Res 
Public Health 

Israel resilience 

Etemadi Psychometric analysis of health system resilience scale 
and assessing it in the face of covid-19 crisis in Iran. 

Iranian J 
Epidemiology Iran resilience 

Garzon-Galvis Tracking Environmental and Health Disparities to 
Strengthen Resilience Before the Next Crisis 

Environmental 
Justice United States resilience 

Han 
The resilience of Taiwan's health system to address the 
COVID-19 pandemic 

EClinicalMedicin
e Taiwan resilience 

Jovanovic 
Assessing resilience of healthcare infrastructure exposed 
to COVID-19: emerging risks, resilience indicators, 
interdependencies and international standards 

Environmental 
Systems & 
Decisions 

Austria resilience 

Legido-
Quigley 

Are high-performing health systems resilient against the 
COVID-19 epidemic? Lancet East Asia resilience 

Legido-
Quigley 

The resilience of the Spanish health system against the 
COVID-19 pandemic Lancet Spain resilience 

Meyer A checklist to improve health system resilience to 
infectious disease outbreaks and natural hazards 

BMJ Bangladesh resilience 

O'Sullivan Rural Pandemic Preparedness: The Risk, Resilience and 
Response Required of Primary Healthcare 

Risk 
Management & 
Healthcare Policy 

Australia resilience 

Rangachari 

Preserving Organizational Resilience, Patient Safety, and 
Staff Retention during COVID-19 Requires a Holistic 
Consideration of the Psychological Safety of Healthcare 
Workers 

Int J Environ Res 
Public Health  - resilience 

Murphy Resilience in Health Care Financing. JAMA United States resilience finance 

Luckhurst Transversal G20 response to Covid-19: Global governance 
for economic, social, health, and environmental resilience G20 Global resilience governance 

Sánchez-
Zaballos 

Resilience Among Professional Health Workers in 
Emergency Services. 

J Emergency 
Nursing Spain resilience healthcare 

workers 
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Wald 

Optimizing resilience and wellbeing for healthcare 
professions trainees and healthcare professionals during 
public health crises - Practical tips for an 'integrative 
resilience' approach 

Med Teacher Global resilience healthcare 
workers 

Sharma 
Hospital Preparedness and Resilience in Public Health 
Emergencies at District Hospitals and Community Health 
Centres 

J Health 
Management 

India resilience healthcare 
workers' education 

Teekens 
Shaping resilience: how work team characteristics affect 
occupational commitment in health care interns during a 
pandemic 

European 
Societies 

Netherlands resilience healthcare 
workers' education 

Nanda From the frontlines to centre stage: resilience of frontline 
health workers in the context of COVID-19. 

Sexual & 
Reproductive 
Health Matters 

India 
resilience healthcare 
workers'                         
gender equality 

Albott 
Battle Buddies: Rapid Deployment of a Psychological 
Resilience Intervention for Health Care Workers During 
the COVID-19 Pandemic 

Anesthesia 
Analgesia United States 

resilience healthcare 
workers' psychology 

Awano 
Anxiety, Depression, and Resilience of Healthcare 
Workers in Japan During the Coronavirus Disease 2019 
Outbreak 

Internal Med Japan 
resilience healthcare 
workers' psychology 

Bahar 
Can psychological resilience protect the mental health of 
healthcare professionals during the COVID-19 pandemic 
period? 

Dubai Med J - 
resilience healthcare 
workers' psychology 

Benham 
Preparing for the Second Surge: Preventing Posttraumatic 
Stress Disorder and Building Resilience for Health Care 
Workers in the Face of COVID-19. 

Disaster Med 
Public Health 
Preparedness 

- resilience healthcare 
workers' psychology 

Bozdag 
Psychological Resilience of Healthcare Professionals 
During COVID-19 Pandemic. 

Psychological 
Reports Turkey 

resilience healthcare 
workers' psychology 

Cochrane 
Library 

Stress-reduction Using Probiotics to Promote 
Ongoing Resilience Throughout COVID-19 for Healthcare 
Workers (SUPPORT COVID-19 Healthcare Workers) 

Cochrane New Zealand resilience healthcare 
workers' psychology 

Cochrane 
Library 

RECHARGE: a Brief Psychological Intervention to 
Build Resilience in Healthcare Workers During COVID-19 Cochrane Switzerland resilience healthcare 

workers' psychology 

DePierro 
Mount Sinai's Center for Stress, Resilience and Personal 
Growth as a model for responding to the impact of 
COVID-19 on health care workers 

Psychiatry Res United States resilience healthcare 
workers' psychology 

Fuchs 
Distress and resilience of healthcare professionals during 
the COVID-19 pandemic (DARVID): study protocol for a 
mixed-methods research project.  

BMJ Global resilience healthcare 
workers' psychology 

Heath 
Resilience strategies to manage psychological distress 
among healthcare workers during the COVID-19 
pandemic: a narrative review 

Anaesthesia - resilience healthcare 
workers' psychology 

Kuhlmann Health labour markets and the 'human face' of the health 
workforce: resilience beyond the COVID-19 pandemic 

European J 
Public Health 

Europe resilience healthcare 
workers' psychology 

Kullu 

Enhancing mental health resilience and anticipating 
treatment provisions of mental health conditions for 
frontline Healthcare workers involved in caring for 
patients during the COVID-19 Pandemic-A call for action 

NHS Clinical 
Leaders Network 

United 
Kingdom 

resilience healthcare 
workers' psychology 
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Luceno-
Moreno 

Symptoms of Posttraumatic Stress, Anxiety, Depression, 
Levels of Resilience and Burnout in Spanish Health 
Personnel during the COVID-19 Pandemic 

Int J Environ Res 
Public Health Spain resilience healthcare 

workers' psychology 

Rosen 
Applying Psychotherapeutic Principles to Bolster 
Resilience Among Health Care Workers During the COVID-
19 Pandemic. 

Am J 
Psychotherapy Canada resilience healthcare 

workers' psychology 

Salik 
Psychological Vulnerability, resilience & social support 
among healthcare professionals during COVID-19: A cross 
cultural study 

Pakistan Armed 
Forces Med J 

United States 
& Pakistan 

resilience healthcare 
workers' psychology 

Secer 

The Effect of the Fear of COVID-19 on Healthcare 
Professionals' Psychological Adjustment Skills: Mediating 
Role of Experiential Avoidance and Psychological 
Resilience 

Frontiers 
Psychology 

Turkey resilience healthcare 
workers' psychology 

Siracusano 
Building a resilient hospital in Tor Vergata: The role of 
emotional defusing for health care workers during COVID-
19 pandemic 

J 
Psychopathology Italy 

resilience healthcare 
workers' psychology 

Strametz 
Recommended actions: Reinforcing clinicians' resilience 
and supporting second victims during the COVID-19 
pandemic to maintain capacity in the healthcare system 

Zentralblatt 
Arbeitsmedizin 
Arbeitsschutz 
Ergonomie 

Germany resilience healthcare 
workers' psychology 

Tam 
Psychological Distress Among HIV Healthcare Providers 
During the COVID-19 Pandemic in China: Mediating Roles 
of Institutional Support and Resilience 

AIDS Behavior China resilience healthcare 
workers' psychology 

Vance 
The Doctor-Public Relationship: How Physicians Can 
Communicate to Foster Resilience and Promote Mental 
Health During COVID-19 

J General 
Internal Med 

United States resilience healthcare 
workers' psychology 

Ventouris COVID-19: Vicarious traumatisation and resilience in 
Mental Health Psychology Practitioners New Vistas United 

Kingdom 
resilience healthcare 
workers' psychology 

Ward-Miller 
Psychiatric mental health nursing in the international year 
of the nurse and COVID-19: One Hospital's perspective on 
resilience and innovation-past, present and future 

Archives 
Psychiatric 
Nursing 

United States resilience healthcare 
workers' psychology 

Yildirim 

Perceived Risk and Mental Health Problems among 
Healthcare Professionals during COVID-19 Pandemic: 
Exploring the Mediating Effects of Resilience and 
Coronavirus Fear 

Int J Mental 
Health Addiction Turkey 

resilience healthcare 
workers' psychology 

Haahtela 
Fast and slow health crises of Homo urbanicus: loss of 
resilience in communicable diseases, like COVID-19, and 
non-communicable diseases 

Porto  
Biomedical J Finland resilience nature 

Bhaskar 

Telemedicine as the New Outpatient Clinic Gone Digital: 
Position Paper From the Pandemic Health System 
REsilience PROGRAM (REPROGRAM) International 
Consortium (Part 2) 

Frontiers Public 
Health Global resilience telehealth 

Bhaskar 
Telemedicine Across the Globe-Position Paper From the 
COVID-19 Pandemic Health System Resilience PROGRAM 
(REPROGRAM) International Consortium (Part 1) 

Frontiers Public 
Health Global resilience telehealth 
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Meyer 
Rural Telehealth Use during the COVID-19 Pandemic: How 
Long-term Infrastructure Commitment May Support Rural 
Health Care Systems Resilience 

J Agromed United States resilience telehealth 

Bezerra Spatial analysis of Brazil's COVID-19 response capacity: a 
proposal for a Healthcare Infrastructure Index Cien Saude Colet Brazil surge capacity 

Collins 

Strengthening Health Systems and Improving the 
Capacity of Pediatric Care Centers to Respond to 
Epidemics, Such as COVID-19 in Resource-Limited 
Settings 

J Tropropical 
Pediatrics LMICs surge capacity 

Doherty 

Partial Resumption of Economic, Health Care and Other 
Activities While Mitigating COVID-19 Risk and Expanding 
System Capacity: A Clinical and Public Policy Guidance 
from the American College of Physicians 

Am College 
Physicians 

United States surge capacity 

Steier 
The load and capacity model of healthcare delivery: 
considerations for the crisis management of the COVID-
19 pandemic 

J Thoracic 
Disease - surge capacity 

Verelst 
Indications for healthcare surge capacity in European 
countries facing an exponential increase in coronavirus 
disease (COVID-19) cases, March 2020 

European 
Surveillance Europe surge capacity 

WHO 
Strengthening the health systems response to COVID-19: 
technical guidance# 2: creating surge capacity for acute 
and intensive care, 6 April 2020 

WHO Global surge capacity 

WHO 

Ensuring a safe environment for patients and staff in 
COVID-19 health-care facilities: a module from the suite 
of health service capacity assessments in the context of 
the COVID-19 pandemic: interim guidance, 20 October 
2020 

WHO Global surge capacity 

WHO Indicators to monitor health-care capacity and utilization 
for decision-making on COVID-19 

WHO Global surge capacity 

Wirawan 
Forecasting COVID-19 Transmission and Healthcare 
Capacity in Bali, Indonesia 

J Preventive Med 
Public Health Indonesia surge capacity 

Xuan 
Capacity of local authority and community on epidemic 
response in Vietnam: Implication for COVID-19 
preparedness.  

Safety Science Vietnam surge capacity 

Barasa Assessing the hospital surge capacity of the Kenyan 
health system in the face of the COVID-19 pandemic PLOS ONE Kenya surge capacity 

calculation 

Canals 
Epidemic trends, public health response and health 
system capacity: the Chilean experience in four months of 
the COVID-19 pandemic 

Pan Am J Public 
Health Chile surge capacity 

calculation 

Ghisolfi Predicted COVID-19 fatality rates based on age, sex, 
comorbidities and health system capacity BMJ Global surge capacity 

calculation 

Giannakeas 
Estimating the Maximum Capacity of COVID-19 Cases 
Manageable per Day Given a Health Care System's 
Constrained Resources 

Annals Internal 
Med Canada 

surge capacity 
calculation 

Ishikawa 

Relationship Between the Number of Patients Visiting 
Emergency Department and Tokyo Health System's 
Capacity During Early Stages of the First Wave of COVID-
19. 

SN 
Comprehensive 
Clinical Med 

Japan surge capacity 
calculation 

Kandel 
Health security capacities in the context of COVID-19 
outbreak: an analysis of International Health Regulations 
annual report data from 182 countries 

Lancet Global surge capacity 
calculation 



 - 31 - 

Kashyap 
Measure what matters: Counts of hospitalized patients 
are a better metric for health system capacity planning 
for a reopening 

J Am Med 
Informatics 
Association 

United States surge capacity 
calculation 

Khan 
Healthcare Capacity, Health Expenditure, and Civil Society 
as Predictors of COVID-19 Case Fatalities: A Global 
Analysis 

Frontiers Publich 
Health Global surge capacity 

calculation 

Lakhani 

Introducing the Percent, Number, Availability, and 
Capacity [PNAC] Spatial Approach to Identify Priority 
Rural Areas Requiring Targeted Health Support in Light of 
COVID-19: A Commentary and Application 

J Rural Health Australia surge capacity 
calculation 

WHO 

Infection prevention and control health-care facility 
response for COVID-19: a module from the suite of health 
service capacity assessments in the context of the COVID-
19 pandemic: interim guidance, 20 October 2020 

WHO Global surge capacity 
calculation 

Lopez Building Local Health Department COVID-19 Emergency 
and Risk Communications Capacity 

J Public Health 
Management 
Practice 

United States surge capacity 
communication 

Khurshid 
Building Informatics Capacity of Local Health 
Departments to Combat COVID-19: A Call to Action 

J Public Health 
Management 
Practice 

United States surge capacity data 

Kato 
Maximizing Health-Care Capacity in Response to COVID-
19 Outbreak: Rapid Expansion Through Education by 
Health Emergency and Disaster Experts 

Disaster Med 
Public Health 
Preparedness 

Japan 
surge capacity healthcare 
workers education 

Keeley 

Staffing Up For The Surge: Expanding The New York City 
Public Hospital Workforce During The COVID-19 
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