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The effects of the coronavirus disease 2019 (COVID-19) pandemic globally are striking as it impacts
greatly the social, political, economic, and healthcare aspects of many countries. The toll of this
pandemic quantified with human lives and suffering (1), the psychosocial impact (2), and the
economic slowdown (3) constitute strong reasons to translate experiences into actionable lessons,
not simply to prevent similar future crises, but rather to improve the whole spectrum of population
health and healthcare delivery. This is the third coronavirus (CoV) outbreak of international
concern in 20 years, after the severe acute respiratory syndrome (SARS-CoV) and the Middle-East
respiratory syndrome (MERS-CoV), in addition to other viral outbreaks such as Zika virus and
Ebola virus over the last decade. It becomes clear that infectious diseases should be considered
among the most important health hazards that we will need to continue facing in the foreseeable
future (4). Thus, the transformation of various aspects at the individual as well as the societal and
governmental levels seems inevitable.

The COVID-19 pandemic has become a reality check for many aspects of healthcare systems,
especially regarding their overall readiness. Public health surveillance programs and available
infrastructures were shown as not consistently optimal (5–7). Additionally, healthcare systems
appeared unable to absorb and manage sudden and persistent pressures on their workload
especially in the settings of acute care. Even though contingency plans were often in place,
healthcare systems seemed unable to cope with the sudden, intense surge in demand (8, 9). From a
policy perspective, potential delay(s) in committing tomajor decisions, such as lockdownmeasures,
in an “epidemiologically timely fashion” could significantly impact downstream healthcare
outcomes (10, 11). The latter is of particular importance, as healthcare challenges in one country
should be considered both an internal and a potentially global challenge, at least for infectious
diseases (12, 13). Finally, the speed at which a global public health issue translated into a financial
downturn, affecting many different industries, was underestimated (3, 14).

The COVID-19 pandemic acts as a transformation catalyst, accelerating the implementation
and adoption of changes in public health interventions. Thus, a new model of healthcare delivery
emerges with more emphasis on preventive measures, remote care, and substantial technological
dependence. However, these are juxtaposed against ongoing technical challenges to meet the surge
capacity in laboratory testing, the fast-tracked implementation of new technologies, the mental
health concerns, the ethical concerns on the potential rationing of insufficient resources, and the
protection of privacy and personal data during times of crises. Taking the former into account, the
following aspects seem likely to emerge as most affected in the post-COVID-19 era.

SHIFTING GREATER PATIENT NUMBERS TO REMOTE CARE

Remote care or telehealth services were already used in emergencies, crises, and routine care
previously (15, 16). During the COVID-19 pandemic, their wider utilization has accelerated.
Telehealth services have now been used in the large-scale screening of patients prior to their visit
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and triage assessment, in the routine monitoring of patients at
home, for remote clinical encounters, or supervising patient care
by off-site experts (17–19). It is likely that a significant portion of
such services will remain telehealth-based post COVID-19, e.g.,
the remote monitoring and management of greater numbers of
patients, as it provides higher convenience and better patient-
centered care, thus partially addressing the healthcare system
flow rate and capacity challenges.

This has been observed in mental healthcare as well, where
the pandemic became a catalyst for the implementation of
online therapy and e-health tools in routine practice, following
more than two decades of many brilliant, but mostly failed,
attempts (20, 21). Imperatives dominating the field, e.g., that
“the clinician/patient therapeutic alliance can only be established
face-to-face,” in spite of research showing the opposite (22), are
being resolved. It is likely that oncemental healthcare institutions
have developed the capabilities post COVID-19 of serving their
patients via different digital technologies, there is little reason
for them to give all of these up, in view of the advantages they
have experienced over an extended period of crisis response
(23). A future “blended approach” is likely to emerge, where e-
mental-health solutions occupy a greater part of routine services.
Additionally, the currently developed expertise can be used in
expanding a wider public e-mental-health approach, utilizing not
only guided but also fully self-guided interventions, such as self-
help apps or online therapeutic modules (24). The latter could
also be tested and eventually applied in settings and countries
with scarce mental health resources, where such need has been
previously identified (25), as a positive post-COVID-19 long-
term outcome.

This system evolution is likely to serve as an adjunct for
the gradual adoption of further new technologies, for example,
the use of drones as delivery vehicles for critical supplies,
robotics, the widespread 3D-printing of healthcare-related items,
and smartphone-enabled monitoring of patient adherence to
treatments (26, 27).

IMPROVED EMPHASIS ON
SURVEILLANCE SYSTEMS AND DATA
ANALYSIS

The speed by which SARS-CoV-2 spread globally highlights once
more that the need for reliable and representative surveillance
systems for infectious diseases remains as acute as ever. Public
health surveillance for infectious diseases uses reported positive
results from sentinel clinical laboratories or laboratory networks
to survey the presence of specific microbial agents that constitute
a threat to public health in a given population (28). However, the
continuing rationalization of public health costs has led to the
consolidation of a number of clinical microbiology laboratories
involving a shift toward laboratory amalgamation. Through
this consolidation activity, an operational model emerged with
large centralized clinical laboratories performing on one central
platform and one or several distal laboratories dealing locally
only with urgent analyses (29, 30). It would be informative to
see if this reduction in the number of small clinical laboratories

and the aggregation of the remaining ones conditioned or not
the ability to detect epidemiological changes in the context
of COVID-19.

Therefore, the routine use of big data and artificial
intelligence approaches to model crises and to identify and
understand the weaknesses of existing systems (close to real-
time) would be necessary in order to strengthen existing
structures. Mobile-enabled technologies can now be deployed en
masse to monitor quarantined individuals and to trace exposed
individuals in a timely and accurate fashion within regions
and/or countries, as in the cases of South Korea and Taiwan
(31). These are some of the new tools likely to move further
into the public health sphere and support the understanding
in an interconnected and hypercomplex global environment.
The necessity for international collaboration and sharing of
information between competent healthcare authorities during
crises has been highlighted many times previously, as well as the
rapid deployment of specialist teams on the ground, and this is
likely to be strengthened even further post COVID-19 (32, 33).

Any such changes would need to be accompanied by a
greater public awareness of the health systems, new and/or better
tools, and their potential implementations in order to combat
infectious disease outbreaks. As such, the interaction with social
media and behavioral science is likely to be used extensively for
health promotion, education, and mass communications (34).
However, the pandemic has also highlighted that poor health
literacy among the general population is an underestimated
public health problem globally (35). Improving public health
literacy is now essential as it might help people to grasp the
reasons behind the recommendations and reflect on outcomes
of their various possible actions, especially in the context of
resource-restricted settings (36).

DEVELOPMENT OF LEGISLATIVE,
POLITICAL, AND HEALTHCARE
MANAGEMENT SYSTEMS

While the COVID-19 outbreak accelerated many of the
above processes, there still remain challenges, including, for
example, credentialing, licensing, reimbursement, and issues
related to technology, security, privacy, safety, and litigations
(37–39). More specifically, in the ethical field and from an
individual perspective, the collection and availability of vast
amounts of information regarding people (e.g., via geo-tagged
social networks) makes full data anonymization ineffective in
protecting the identity of the data source, making it only
more difficult, yet still feasible via the use of advanced systems
and triangulation, to (re)identify individuals (40). As such,
the ethical imperative of transparency with regard to the
dangers of downstream data linkage and inadvertent individual
identification should be upheld (41). From a population-level
perspective, if systems are designed to be entirely reliant
on anonymous data in order to protect data contributors,
they might not work very well-either, as the element of
information accountability and, hence, transparency is affected.
Especially in the case of humanitarian emergencies, and certainly
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FIGURE 1 | The simplified relative impact of the organizations mentioned in the manuscript (adapted) (49). This schematic representation defines the different influence

domains of the main actors during the pandemic and the need for a coordinated international approach for future responses to coronavirus disease 2019 (COVID-19).

communicable disease outbreaks, anonymous information is
current best practice, but cannot be considered as the ethical
panacea (42).

It should be noted that public health ethics differs from
clinical ethics in that it requires giving priority to promoting
the common good over protecting individual autonomy (43).
This ethical contrast becomes even greater in resource-restricted
settings during public health emergencies, where overwhelmed
healthcare systems might instigate the rationing of staff and/or
medical supplies, with distressing decision-making, such as who
receives life support (44).

One of the defining aspects of the current pandemic was the
unprecedented levels of misinformation, conspiracy theories, and
rumors reproduced by lay and social media related to COVID-
19; these can only be counterproductive in the fight against the
current epidemic, both in the short and long term. Perhaps,
this is an outcome of the pandemic taking place during the
“social media age.” (45). TheWHO responded to the “infodemic”
releasing a statement and suppressing several such measures
advocated online and in social media, which are not effective in
the treatment of COVID-19, and has done so ongoingly (46). In
terms of responses, social media platforms have responded to the
majority of the social media posts rated false by fact-checkers by
removing them or attaching various warnings. However, as the
number of English-language fact-checks rose more than 900%

from January to March, outpacing the available fact-checking
resources, misinformation has almost certainly grown even faster
(47). Consistency in the public health messaging as well as
increased funding dedicated to fact-checking seems to be needed
as the immediate first step.

It seems inevitable that post COVID-19, there will be
a review of policies, guidelines, and regulations relating to
individuals’ rights and the implementation of drastic public
health measures, such as prolonged quarantine measures as well
as the governance of new technologically driven solutions within
healthcare (relative impact shown in Figure 1). Compulsory
“public health-triggered” powers are currently justified under a
common legal and ethical standard, taking into account the risk
of the pathogen to the individual and the general population,
the incidence rate and transmission mode of the pathogen,
the effectiveness of available public health interventions, and
the availability and type of clinical treatments. In particular,
in emerging crises, such as in the case of COVID-19 when
the science is uncertain, the adoption of the “precautionary
principle” is reasonable to ensure public safety. It is expected that
post COVID-19, a number of these measures will be evaluated on
their timing and effectiveness, whether the nature of themeasures
and their implementation was proportionate to the risk, and
whether the legal assessments of the partial scientific evidence
were successful (48).
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DEVELOPMENT OF COMMUNICATION
TECHNOLOGY-BASED APPROACHES

The transformation in healthcare would not be possible
if it is not associated with technological innovations in
communication, machine learning, and transportation.
The expansion of Medicare telehealth coverage amidst the
pandemic is a major step in the right direction (50) as
well as the increased delivery of healthcare closer to home
for chronic neurological patients (51). However, concerns
about security remain as not all publicly available tools for
videoconferencing comply with internationally accepted
standards of confidentiality. This security concern, for example,
the phenomenon of Zoom-bombing, applies as much to
patients as it does to medical professionals delivering the new
remote services. Therefore, technology-empowered approaches
must take all necessary steps to safeguard the privacy of
their participants.

The silver lining for the post-COVID-19 era is the
realization that a significant portion of healthcare activities
in the wider sense can be improved by technologically
empowered approaches, and some can even be done remotely
equally as effectively. For example, for some postoperative
follow-ups, phone visits are not necessarily inferior to in-
person visits in terms of patient satisfaction, complications,
and adverse events (52). Where there needs to be an
increased emphasis is the investigation of how technologies
can be utilized earlier and/or better in order to provide
added flexibility to the responsiveness of the healthcare
system in times of crisis. Existing guidelines have supported
part of this perspective (53). However, there has been a
noticeable struggle to shift the focus of healthcare systems to
tackle the current emergency resulting in potential response
timelags (54).

DEVELOPMENT OF FINANCIAL MODELS
TO SUPPORT SCIENTIFIC RESEARCH,
COOPERATION, AND CRISIS
PREPAREDNESS

COVID-19 led simultaneously to two opposite consequences on
laboratory medicine activities. On the one hand, microbiology
departments faced a huge increase in their diagnostic activities
related to the afflux of COVID-19 suspected patients (55). On
the other hand, activities of clinical laboratories not directly
related to COVID-19 dropped significantly, including for
instance cancer services, which had to adapt to a different,
remote-based service model (17, 18). A similar picture was
also observed at the institutional/hospital level, with a drop
of routine activity (56), and the acute need for reallocation
of staff and services (57). Considering these factors, COVID-
19 has changed the healthcare business models of basic
academic health sciences, public health surveillance, and

the industry. The efficient collaboration within informal
networks comprising clinical laboratories servicing consortia of
hospitals, academic groups, and test manufacturers (forged
through previous recent outbreaks and/or operational
consolidations) represented a key element in the European
response against COVID-19 and in supporting acute clinical and
international needs (e.g., utilization of the existing COMBACTE
Network) (58).

Thus, it is likely that because of their quick mobilization
and response times to the clinical needs, further global activities
such as those within the Innovative Medicines Initiative (IMI)
framework will be strengthened, hopefully maintaining the
breadth of creative approaches. The urgency of the COVID-
19 situation forced major healthcare providers to respond often
without the ability for a full discussion of the financial costs
involved in those emergency responses. However, the scale
of investment needed for combatting COVID-19 is certainly
ambitious and a key consideration for the immediate future.
As such, new public private partnerships are vital, whether
this involves drug, vaccine, and/or test development. Unlocking
additional financing sources, acknowledging the imperative to
link financial returns to the providers of capital, and creating
profitable, sustainable financing structures will be central in
developing new financial models to support scientific research,
cooperation, and crisis preparedness (59).

CONCLUSION

The COVID-19 outbreak serves as a reminder that proactive
planning for healthcare emergencies as well as an intensified
commitment to global public health preparedness remains
necessary. The lessons learned on the limitations of extant
healthcare systems and their capacity to respond to infectious
disease epidemics in the 21st century should be considered,
enabling the transformation of future healthcare. In addition,
the realization that technologically empowered solutions can be
implemented and work well-should constitute the benchmark for
the greater integration of such technologies as part of routine
healthcare design and provision. Optimal outcomes can be
attained where both patients and healthcare providers become
active participants in this process. However, for that to be
achieved, ethical, regulatory, and legal concerns that emerged
during this pandemic need to be addressed. The current global
experiences lay the foundation for a significant post-COVID-19
healthcare transformation, so that systems can better prepare to
address the next global threat(s) of the 21st century.

AUTHOR CONTRIBUTIONS

All authors listed have made a substantial, direct and
intellectual contribution to the work, and approved it
for publication.

Frontiers in Medicine | www.frontiersin.org 4 July 2020 | Volume 7 | Article 429

https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles


Jazieh and Kozlakidis Healthcare Transformation in the Post-COVID-19 Era

REFERENCES

1. World Health Organization. Coronavirus Disease 2019 (COVID-19) Situation

Report – 109. (2020) Available online at: https://www.who.int/docs/default-

source/coronaviruse/situation-reports/20200508covid-19-sitrep-109.pdf?

sfvrsn=68f2c632_6 (accessed May 9, 2020).

2. Carvalho P, Moreira MM, de Oliveira M, Landim J, Neto M. The

psychiatric impact of the novel coronavirus outbreak. Psychiatr Res. (2020)

286:112902. doi: 10.1016/j.psychres.2020.112902

3. Coronavirus: The world Economy at risk. (2020). Available online at: http://

www.oecd.org/economic-outlook/ (accessed May 9, 2020).

4. Mattiuzzi C, Lippi G. Which lessons shall we learn from the

2019 novel coronavirus outbreak? Ann Transl Med. (2020)

8:48. doi: 10.21037/atm.2020.02.06

5. Paterlini M. On the front lines of coronavirus: the Italian response to Covid-

19. BMJ. (2020) 368:m1065. doi: 10.1136/bmj.m1065

6. Nkengasong J. China’s response to a novel coronavirus stands in stark

contrast to the 2002 SARS outbreak response. Nat Med. (2020) 26:310–

1. doi: 10.1038/s41591-020-0771-1

7. Kolie D, Delamou A, van de Pas R, Dioubaté N, Bouedouno P, Beavogui

AH, et al. Never let a crisis go to waste: postEbola agenda-setting

for health system strengthening in Guinea. BMJ Global Health. (2019)

4:e001925. doi: 10.1136/bmjgh-2019-001925

8. Hick JL, Hanfling D, Wynia MK, Pavia AT. Duty to Plan: Health Care, Crisis

Standards of Care, and Novel Coronavirus SARS-CoV-2. NAM Perspectives.

Discussion paper. Washington, DC: National Academy of Medicine. (2020)

9. Kandel N, Chungong S, Omaar A, Xing J. Health security capacities in

the context of COVID-19 outbreak: an analysis of international health

regulations annual report data from 182 countries. Lancet. (2020) 395:1047–

53. doi: 10.1016/S0140-6736(20)30553-5

10. Hafiz H, Oei S-Y, Ring DM, Shnitser N. Regulating in Pandemic: Evaluating

Economic and Financial Policy Responses to the Coronavirus Crisis. Boston

College Law School Legal Studies Research Paper. (2020). Available online at:

https://ssrn.com/abstract=3555980 (accessed May 9, 2020).

11. Carter DP, May PJ. Making sense of the U.S. COVID-19 pandemic

response: A policy regime perspective.Administ Theory Praxis. (2020) 45:265–

77. doi: 10.1080/10841806.2020.1758991

12. Ravi SJ, Snyder MR, Rivers C. Review of international efforts to strengthen

the global outbreak response system since the 2014–16 West Africa Ebola

Epidemic. Health Policy Plann. (2019) 34:47–54. doi: 10.1093/heapol/c

zy102

13. Rodríguez-Morales AJ, MacGregor K, Kanagarajah S, Patel D, Schlagenhauf P.

Going global - Travel and the 2019 novel coronavirus. Travel Med Infect Dis.

(2020) 33:101578. doi: 10.1016/j.tmaid.2020.101578

14. Ayittey FK, Ayittey MK, Chiwero NB, Kamasah JS, Dzuvor C. Economic

impacts of Wuhan 2019-nCoV on China and the world. J Med Virol. (2020)

92:473–5. doi: 10.1002/jmv.25706

15. Langabeer JR, Gonzalez M, Alqusairi D, Champagne-Langabeer T, Jackson

A, Mikhail J, et al. Telehealth-enabled emergency medical services

program reduces ambulance transport to urban emergency departments.

West J Emerg Med. (2016) 17:713–20. doi: 10.5811/westjem.2016.

8.30660

16. Lurie N, Carr BG. The role of telehealth in the medical response to disasters.

JAMA Intern Med. (2018) 178:745–6. doi: 10.1001/jamainternmed.2018.1314

17. Hollander JE, Carr BG. Virtually perfect? Telemedicine for Covid-19. N Engl

J Med. (2020) 382:1679–81. doi: 10.1056/NEJMp2003539

18. Zhai Y, Wang Y, Zhang M, Gittell JH, Jiang S, Chen B, et al. From isolation

to coordination: how can telemedicine help combat the COVID-19 outbreak?

medRxiv [Preprint]. (2020). doi: 10.1101/2020.02.20.20025957

19. Greenhalgh T, Wherton J, Shaw S, Morrison C. Video consultations for

covid-19. BMJ. (2020) 368:m998. doi: 10.1136/bmj.m998

20. Mohr DC, Riper H, Schueller SM. A solution-focused research approach to

achieve an implementable revolution in digital mental health. JAMA Psychiat.

(2018) 75:113–4. doi: 10.1001/jamapsychiatry.2017.3838

21. Vis C, Mol M, Kleiboer A, Bührmann L, Finch T, Smit J, et al. Improving

implementation of eMental health for mood disorders in routine practice:

systematic review of barriers and facilitating factors. JMIRMentHealth. (2018)

5:e20. doi: 10.2196/mental.9769

22. Berger T. The therapeutic alliance in internet interventions: a narrative

review and suggestions for future research. Psychother Res. (2017) 27:511–

24. doi: 10.1080/10503307.2015.1119908

23. Tuerk PW, Keller SM, Acierno R. Treatment for anxiety and depression via

clinical videoconferencing: evidence base and barriers to expanded access in

practice. Focus. (2019) 16:363–9. doi: 10.1176/appi.focus.20180027

24. Wind TR, Rijkeboer M, Andersson G, Riper H. The COVID-19 pandemic:

The ’black swan’ for mental health care and a turning point for e-health.

Internet interventions. (2020) 20:100317. doi: 10.1016/j.invent.2020.100317

25. Christiani Y, Setiawan A. Internet-based treatment of depression in Indonesia.

Lancet Psychiatr. (2018) 5:688–9. doi: 10.1016/S2215-0366(18)30261-X

26. Ullah H, Nair NG, Moore A, Nugent C, Muschamp P, Cuevas

M. 5G communication: an overview of vehicle-to-everything,

drones, and healthcare use-cases. IEEE Access. (2019) 7:37251–

68. doi: 10.1109/ACCESS.2019.2905347

27. Story A, Aldridge WA, Smith CM, Garber E, Hall J, Ferenando

G, et al. Smartphone-enabled video-observed versus directly

observed treatment for tuberculosis: a multicentre, analyst-

blinded, randomised, controlled superiority trial. Lancet. (2019)

393:1216–24. doi: 10.1016/S0140-6736(18)32993-3

28. Zeng D, Chen H, Castillo-Chavez C, Thurmond M. Clinical laboratory data

for biosurveillance. In: Zeng D, Chen H, Castillo-Chavez C, Lober WB,

ThurmondM, editors. Infectious Disease Informatics and Biosurveillance. New

York, NY: Springer (2011). p. 67–87.

29. Vandenberg O, Kozlakidis Z, Schrenzel J, Struelens MJ, Breuer J. Control of

infectious diseases in the era of European clinical microbiology laboratory

consolidation: new challenges and opportunities for the patient and for public

health surveillance. Front Med. (2018) 5:15. doi: 10.3389/fmed.2018.00015

30. Vandenberg O, Durand G, Hallin M, Diefenbach A, Gant V, Murray P,

et al. Consolidation of clinical microbiology laboratories and introduction

of transformative technologies. Clin Microbiol Rev. (2020) 33:e00057-

19. doi: 10.1128/CMR.00057-19

31. Wang CJ, Ng CY, Brook RH. Response to COVID-19 in Taiwan. JAMA. (2020)

323:1341–2. doi: 10.1001/jama.2020.3151

32. Ogden NH, Wilson JRU, Richardson DM, Hui C, Davies SJ, Kumschick S,

et al. Emerging infectious diseases and biological invasions: a call for a One

Health collaboration in science and management. R Soc Open Sci. (2019)

6:181577. doi: 10.1098/rsos.181577

33. Kyhlstedt M, Andersson SW. Diagnostic and digital solutions to address the

COVID-19 pandemic: the need for international collaboration to close the

gap. Health Policy Technol. (2020) 9:126–8. doi: 10.1016/j.hlpt.2020.04.010

34. Lunn PD, Belton CA, Lavin C, McGowan FP, Timmons S, Robertson DA.

Using behavioral science to help fight the coronavirus. J Behav Public

Administ. (2020) 3:1. doi: 10.30636/jbpa.31.147

35. Paakkari L, OkanO. COVID-19: health literacy is an underestimated problem.

Lancet Public Health. (2020) 5:e249–50. doi: 10.1016/S2468-2667(20)30086-4

36. Nguyen HC, Nguyen MH, Do BN, Tran CQ, Nguyen TT, Pham KM. et al.

People with suspected COVID-19 symptoms were more likely depressed and

had lower health-related quality of life: The potential benefit of health literacy.

J Clin Med. (2020) 9:965. doi: 10.3390/jcm9040965

37. Alami H, Gagnon MP, Wootton R, Fortin JP, Zanaboni P. Exploring

factors associated with the uneven utilization of telemedicine in

Norway: A mixed methods study. BMC Med Inform Decis Mak. (2017)

17:180. doi: 10.1186/s12911-017-0576-4

38. Shaw S,Wherton J, Vijayaraghavan S,Morris J, Bhattacharya S, Hanson P, et al.

Advantages and limitations of virtual online consultations in a NHS acute

trust: the VOCAL mixed-methods study. Health Serv Deliv Res. (2018) 6:21.

doi: 10.3310/hsdr06210

39. Donaghy E, Atherton H, Hammersley V, McNeilly H, Bikker A, Robbins

L, et al. Acceptability, benefits, and challenges of video consulting: a

qualitative study in primary care. Br J Gen Pract. (2019) 69:E586–

94. doi: 10.3399/bjgp19X704141

40. Cecaj A, Mamei M, Zambonelli F. Re-identification and information fusion

between anonymized CDR and social network data. J Ambient Intellig Human

Comput. (2016) 7:83–96. doi: 10.1007/s12652-015-0303-x

41. Garattini C, Raffle J, Aisyah DN, Sartain F, Kozlakidis Z. Big data analytics,

infectious diseases and associated ethical impacts. Philos Technol. (2019)

32:69–85. doi: 10.1007/s13347-017-0278-y

Frontiers in Medicine | www.frontiersin.org 5 July 2020 | Volume 7 | Article 429

https://www.who.int/docs/default-source/coronaviruse/situation-reports/20200508covid-19-sitrep-109.pdf?sfvrsn=68f2c632_6
https://www.who.int/docs/default-source/coronaviruse/situation-reports/20200508covid-19-sitrep-109.pdf?sfvrsn=68f2c632_6
https://www.who.int/docs/default-source/coronaviruse/situation-reports/20200508covid-19-sitrep-109.pdf?sfvrsn=68f2c632_6
https://doi.org/10.1016/j.psychres.2020.112902
http://www.oecd.org/economic-outlook/
http://www.oecd.org/economic-outlook/
https://doi.org/10.21037/atm.2020.02.06
https://doi.org/10.1136/bmj.m1065
https://doi.org/10.1038/s41591-020-0771-1
https://doi.org/10.1136/bmjgh-2019-001925
https://doi.org/10.1016/S0140-6736(20)30553-5
https://ssrn.com/abstract=3555980
https://doi.org/10.1080/10841806.2020.1758991
https://doi.org/10.1093/heapol/czy102
https://doi.org/10.1016/j.tmaid.2020.101578
https://doi.org/10.1002/jmv.25706
https://doi.org/10.5811/westjem.2016.8.30660
https://doi.org/10.1001/jamainternmed.2018.1314
https://doi.org/10.1056/NEJMp2003539
https://doi.org/10.1101/2020.02.20.20025957
https://doi.org/10.1136/bmj.m998
https://doi.org/10.1001/jamapsychiatry.2017.3838
https://doi.org/10.2196/mental.9769
https://doi.org/10.1080/10503307.2015.1119908
https://doi.org/10.1176/appi.focus.20180027
https://doi.org/10.1016/j.invent.2020.100317
https://doi.org/10.1016/S2215-0366(18)30261-X
https://doi.org/10.1109/ACCESS.2019.2905347
https://doi.org/10.1016/S0140-6736(18)32993-3
https://doi.org/10.3389/fmed.2018.00015
https://doi.org/10.1128/CMR.00057-19
https://doi.org/10.1001/jama.2020.3151
https://doi.org/10.1098/rsos.181577
https://doi.org/10.1016/j.hlpt.2020.04.010
https://doi.org/10.30636/jbpa.31.147
https://doi.org/10.1016/S2468-2667(20)30086-4
https://doi.org/10.3390/jcm9040965
https://doi.org/10.1186/s12911-017-0576-4
https://doi.org/10.3310/hsdr06210
https://doi.org/10.3399/bjgp19X704141
https://doi.org/10.1007/s12652-015-0303-x
https://doi.org/10.1007/s13347-017-0278-y
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles


Jazieh and Kozlakidis Healthcare Transformation in the Post-COVID-19 Era

42. Coltart CEM, Hoppe A, Parker M, Dawson L, Amon JJ, Simwinga M, et al.

Ethical considerations in global HIV phylogenetic research. Lancet HIV.

(2018) 5:e656–66. doi: 10.1016/S2352-3018(18)30134-6

43. Chia T, Oyeniran OI. Human health versus human rights: an emerging

ethical dilemma arising from coronavirus disease pandemic. EthicsMed Public

Health. (2020) 11:100511. doi: 10.1016/j.jemep.2020.100511

44. White DB, Katz MH, Luce JM, Lo B. Who should receive

life support during a public health emergency? Using ethical

principles to improve allocation decisions. Ann Intern Med. (2009)

150:132–8. doi: 10.7326/0003-4819-150-2-200901200-00011

45. Smith GD, Ng F, Li WHC. COVID-19: Emerging compassion, courage and

resilience in the face of misinformation and adversity. J Clin Nursing. (2020)

29:1425. doi: 10.1111/jocn.15231

46. World Health Organization. Novel Coronavirus(2019-nCoV) Situation

Report. (2020). Available Online at: https://www.who.int/docs/default-

source/coronaviruse/situation-reports/20200202-sitrep-13-ncov-v3.pdf

(accessed February 13, 2020).

47. Brennen JS, Simon FM, Howard PN, Nielsen RK. Types, sources, and

claims of Covid-19 misinformation. Reuters Institute. (2020). Available online

at: https://reutersinstitute.politics.ox.ac.uk/types-sources-and-claims-covid-

19-misinformation

48. Gostin LO, Hodge JG. US emergency legal responses to novel coronavirus:

balancing public health and civil liberties. JAMA. (2020) 323:1131–

2. doi: 10.1001/jama.2020.2025

49. Bloom G, Merrett GB, Wilkinson A, Lin V, Paulin S. Antimicrobial

resistance and universal health coverage. BMJ Global Health. (2017)

2:e000518. doi: 10.1136/bmjgh-2017-000518

50. White House Expands Medicare Telehealth Services Amid COVID-19.

Available online at: https://www.medscape.com/viewarticle/927075 (accessed

May 9, 2020).

51. Bloem BR, Dorsey ER, Okun MS. The coronavirus disease 2019 crisis as

catalyst for telemedicine for chronic neurological disorders. JAMA Neurol.

(2020). doi: 10.1001/jamaneurol.2020.1452. [Epub ahead of print].

52. Thompson JC, Cichowski SB, Rogers RG, Qeadan F, Zambrano J, Wenzl

C, et al. Outpatient visits versus telephone interviews for postoperative

care: a randomized controlled trial. Int Urogynecol J. (2019) 30:1639–

46. doi: 10.1007/s00192-019-03895-z

53. World Health Organization. Strengthening and Adjusting Public

Health Measures Throughout the COVID-19 Transition Phases. Policy

Considerations for the WHO European Region. (2020). Available online

at: http://www.euro.who.int/__data/assets/pdf_file/0018/440037/Strength-

AdjustingMeasuresCOVID19-transition-phases.pdf?ua=1 (accessed May

9, 2020).

54. Tanne JH, Hayasaki E, Zastrow M, Pulla P, Smith P, Rada AG. Covid-19:

how doctors and healthcare systems are tackling coronavirus worldwide. BMJ.

(2020) 368:m1090. doi: 10.1136/bmj.m1090

55. Roser M, Ritchie H, Ortiz-Ospina E, Hasell J. Coronavirus pandemic

(COVID-19). (2020). Published online at OurWorldInData.org. Available

online at: https://ourworldindata.org/coronavirus (accessed July 1, 2020).

56. Tartari F, Guglielmo A, Fuligni F, Pileri A. Changes in emergency service

access after spread of COVID19 across Italy. J Eur Acad Dermatol Venereol.

(2020). doi: 10.1111/jdv.16553. [Epub ahead of print].

57. Grimm CA. Hospital Experiences Responding to the COVID-19 Pandemic:

Results of a National Pulse Survey March 23–27, 2020. U.S. Department of

Health and Human Services. Office of Inspector General. Available online

at: https://www.oig.hhs.gov/oei/reports/oei-06-20-00300.pdf

58. Combacte: Combatting Bacterial Resistance in Europe. Available online

at: https://www.combacte.com/

59. Krech R, Kickbusch I, Franz C, Wells N. Banking for health: the

role of financial sector actors in investing in global health. BMJ

Glob Health. (2018) 3(Suppl 1):e000597. doi: 10.1136/bmjgh-2017-0

00597

Disclaimer:Where authors are identified as personnel of the International Agency

for Research on Cancer/WHO, the authors alone are responsible for the views

expressed in this article and they do not necessarily represent the decisions, policy,

or views of the International Agency for Research on Cancer/WHO.

Conflict of Interest: The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be construed as a

potential conflict of interest.

Copyright © 2020 Jazieh and Kozlakidis. This is an open-access article distributed

under the terms of the Creative Commons Attribution License (CC BY). The use,

distribution or reproduction in other forums is permitted, provided the original

author(s) and the copyright owner(s) are credited and that the original publication

in this journal is cited, in accordance with accepted academic practice. No use,

distribution or reproduction is permitted which does not comply with these terms.

Frontiers in Medicine | www.frontiersin.org 6 July 2020 | Volume 7 | Article 429

https://doi.org/10.1016/S2352-3018(18)30134-6
https://doi.org/10.1016/j.jemep.2020.100511
https://doi.org/10.7326/0003-4819-150-2-200901200-00011
https://doi.org/10.1111/jocn.15231
https://www.who.int/docs/default-source/coronaviruse/situation-reports/20200202-sitrep-13-ncov-v3.pdf
https://www.who.int/docs/default-source/coronaviruse/situation-reports/20200202-sitrep-13-ncov-v3.pdf
https://reutersinstitute.politics.ox.ac.uk/types-sources-and-claims-covid-19-misinformation
https://reutersinstitute.politics.ox.ac.uk/types-sources-and-claims-covid-19-misinformation
https://doi.org/10.1001/jama.2020.2025
https://doi.org/10.1136/bmjgh-2017-000518~
https://www.medscape.com/viewarticle/927075
https://doi.org/10.1001/jamaneurol.2020.1452
https://doi.org/10.1007/s00192-019-03895-z
http://www.euro.who.int/__data/assets/pdf_file/0018/440037/Strength-AdjustingMeasuresCOVID19-transition-phases.pdf?ua=1
http://www.euro.who.int/__data/assets/pdf_file/0018/440037/Strength-AdjustingMeasuresCOVID19-transition-phases.pdf?ua=1
https://doi.org/10.1136/bmj.m1090
https://ourworldindata.org/coronavirus
https://doi.org/10.1111/jdv.16553
https://www.oig.hhs.gov/oei/reports/oei-06-20-00300.pdf
https://www.combacte.com/
https://doi.org/10.1136/bmjgh-2017-000597
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles

	Healthcare Transformation in the Post-Coronavirus Pandemic Era
	Shifting Greater Patient Numbers To Remote Care
	Improved Emphasis On Surveillance Systems And Data Analysis
	Development of Legislative, Political, and Healthcare Management Systems
	Development Of Communication Technology-Based Approaches
	Development of Financial Models To Support Scientific Research, Cooperation, and Crisis Preparedness
	Conclusion
	Author Contributions
	References


