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ARTICLE INFO ABSTRACT

Keywords: A pneumonia outbreak of unknown aetiology emerged in Wuhan, China in December 2019. The causative or-
COVID-19 ganism was identified on 7th January 2020 as a novel coronavirus (nCoV or 2019-nCoV), later renamed severe
Surgery acute respiratory syndrome coronavirus 2 (SARS-CoV-2). The resulting coronavirus disease (COVID-19) has
f\CcI:cIll:;ia infected over 88 million individuals, resulted in over 1.9 million deaths, and has led to an unprecedented impact

on research activities worldwide. Extraordinary challenges have also been imposed on medical and surgical
trainees following redeployment to full-time clinical duties. Moreover, the introduction of travel restrictions and
strict lockdown measures have forced the closure of many institutions and laboratories working on research
unrelated to the pandemic. The lockdown has similarly stifled supply chains and slowed research and devel-
opment endeavours, whilst research charities have endured significant financial strains that have since reshaped
the allocation and availability of funds. However, worldwide scientific adaptation to the COVID-19 pandemic has
been observed through unprecedented levels of international collaboration alongside the uprise of remote
telecommunication platforms. Although the long-term consequence of the COVID-19 pandemic on research and
academic training is difficult to ascertain, the current crises will inevitably shape working and teaching patterns
for years to come. To this end, we provide a comprehensive and critical evaluation of the impact of COVID-19 on
scientific research and funding, as well as academic medical and surgical training.

1. Introduction

The novel coronavirus disease (COVID-19), caused by severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2), emerged as an un-
known entity in Wuhan, China in December 2019 before being later
identified on 7th January 2020 [1]. Similar to the virus having caused
the 2003 SARS large-scale epidemic, leading to ~800 deaths and
affecting ~8,000 individuals, SARS-CoV-2 has already infected more
than 88 million people and caused over 1.9 million deaths worldwide.
Evidence suggests that human-to-human transmission occurs via drop-
lets, direct contact, and tears. These findings have led to the imposition
of strict confinement, lockdown, and travel restriction measures in an

attempt to reduce the spread of the contagion. Although effective in
limiting transmission, such measures have resulted in a multitude of
socio-economic implications alongside fears of an impending economic
crisis and insurmountable recession [2].

The COVID-19 pandemic has affected research activities to a great
extent including several challenges imposed on the clinical and surgical
trainee. As a direct consequence of lockdown measures and the closure
of most university research facilities, all research activities and clinical
trials unrelated to COVID-19 came to a halt. Changes have also led to a
substantial number of clinical academics returning to full-time clinical
duties. In the UK, preliminary estimates suggest that over 1,500 aca-
demic trainees in England have been redeployed to clinical posts [3].
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Similar responses have also been seen from those in out of programme
surgical research, alongside changes to academic publishing, research
funding, and scientific conferences. Rapid assessment of the conse-
quences of the often-substantial disruptions to training is key. This will
help guide the development of an action plan to achieve optimal overall
career progression. To understand this impact, we provide a compre-
hensive review and critical evaluation of the COVID-19 pandemic on
scientific research and funding, as well as academic clinical and surgical
training.

2. The evolution and current status of COVID-19

The last ten months have necessitated unprecedented global efforts
to understand SARS-CoV-2 and the disease that it is responsible for
causing, COVID-19. When SARS-CoV-1 was first identified in humans in
2002, the genomic sequencing of the virus cost several months [4].
Technological advancements have since allowed SARS-CoV-2 to be
mapped within weeks of the first recognised case [5]. Months later, this
genetic information has enabled sophisticated tracing of transmission
chains, allowing researchers to understand that a particularly infectious
variant of the virus has now become globally dominant [6,7].

COVID-19 was initially promulgated as a respiratory disease, causing
characteristic ground glass opacities on chest scans. It has since emerged
that the disease also affects blood vessels, leading to distinctive vascular
features such as endothelial injury, angiogenesis, and widespread
thrombosis [8]. Thus, SARS-CoV-2 should be considered more than a
respiratory virus. Further autopsy-based studies have indicated several
other extrapulmonary manifestations impacting the gastrointestinal,
neurological, renal, and cardiovascular systems [9]. The RECOVERY
collaborative group demonstrated the use of dexamethasone to result in
lower 28-day mortality rates compared to patients receiving invasive
ventilation or oxygen alone [10].

As of 12th January 2021, the World Health Organization (WHO) has
reported over 88 million laboratory-confirmed cases of COVID-19 and
over 1.8 million deaths [11]. Caution should be exercised when inter-
preting the number of COVID-19 cases reported by national authorities.
As elucidated by Nicola et al., a multitude of factors contribute to the
formulation of these figures [12]. Nevertheless, data collected by the
WHO affirms that the Region of the Americas continues to account for
the greatest proportion of cumulative cases and deaths (Fig. 1) [11].

3. Impact on basic science

Amid the rising number of COVID-19 cases, most countries have
resorted to imposing nationwide lockdown measures to curb viral
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transmission and spread. These measures have included closing schools,
universities, and research institutions, alongside borders and businesses,
and have led to the imposition of strict restrictions on population
movement [2]. As a result, universities and research institutions have
had to carefully define and allocate essential research activities, and all
non-essential research inevitably came to a halt. For example, Florida
State University have outlined the following as essential activities [13]:

. Those aimed at fighting COVID-19.

2. Clinical research activities which, if halted, could harm participants.

. Those involved with the maintenance of the viability of living or-
ganisms and samples.

. Activities requiring safe maintenance of critical equipment and
infrastructure.

. Those where discontinuation could threaten safety or lead to a severe
loss of equipment, critical samples, or data.

Much of research within the basic sciences involves wet laboratory
work, making it difficult for research scientists to transition toward
working from home. In comparison, computational dry laboratory
research can be performed remotely [14,15]. In a survey conducted
between 15th and 23rd April 2020, 25% of life scientists reported be-
tween 1 and 6 months worth of lost work due to the closure of univer-
sities and research institutions, with the majority of these being from
wet lab (73%) as opposed to dry lab (31%) researchers. Additionally,
only 10% of wet lab researchers reported “at least 80% productivity”, in
comparison to 29% of dry lab researchers [16]. In another survey con-
ducted by Research Australia in May 2020, an inability to perform
remote research was identified as a major issue affecting over 50% of
participants. It was also highlighted that research outcomes among basic
science researchers were more likely to be affected after the year 2020,
in comparison to clinical researchers [17].

The COVID-19 crisis has impacted scientific research involving lab-
oratory animals. Due to staff shortages (resulting from sickness and
quarantine), and disruptions in the supply chain of essential goods such
as bedding, food, and veterinary drugs, concerns regarding the care of
laboratory animals have been raised [18]. In a microbial immunology
lab based at the University of Pennsylvania Perelman School of Medi-
cine, over three-quarters of rodents were culled (bred to yield genotypes
capable of facilitating study of the immune system response to bacterial
invaders). Such scientifically valued resources could take years to
re-build to pre-COVID-19 levels [18]. Over a thousand mice and/or rats
were similarly culled at The Max Delbriick Center for Molecular Medi-
cine in Germany, and hundreds of transgenic fruit flies were discarded at
Tsinghua University in China. In both cases, disruption caused by the

6 000 000 ) 90 000
Americas
= South-East Asia 80 000
5 000 000
= Europe 70 000
Eastern Mediterranean
4000 000 -y Africa 60 000
" mmm \Western Pacific 50000 .,
g 3000000 Deaths 20550 "%
©
N L :
2000 000 1 mEE 30000
II 20 000
1000 000
I 10 000
0 / AN eme=== == SRR AN COfCCcam
o c o o [ o > = c = = oo [o% o + > > o
3 3¢ 2222232348488 =223
fF 8 8 g8 8 g g 4 853533 3 3 &

Reported week commencing

Fig. 1. Number of COVID-19 cases reported weekly by WHO Region and global deaths, 30th December 2019 through 10th January 2021 [11].
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pandemic and elapsed time would have led to these organisms being
unusable for experimentation [19,20]. Numerous universities and
research institutions have urged laboratories to reduce the number of
live animals in their care. Inevitably, this has raised ethical questions
[18].

Similar disruptions have been felt by researchers involved with cell
culture. A team of stem-cell scientists based at the Allen Institute for Cell
Science in Seattle reported to having frozen hundreds of cell lines due to
the closure of research laboratories. Once thawed, experiments are
conducted to confirm the integrity of the experimental cell line. How-
ever, there is the possibility that issues regarding a compromise in
integrity may arise, affecting all future and downstream applications
[20]. Post-thawing of samples can also be time-consuming to re-
searchers. As a result, laboratories may require many months to re-build
their research back to pre-COVID-19 levels, and perhaps even years in
the event of compromised samples.

Supply shortages have also affected basic scientific research. A
sizeable proportion of researchers are required to wear personal pro-
tective equipment (PPE) to protect themselves from the risks of labo-
ratory work. Considering marmosets, macaques, and certain strains of
cats, mice, and ferrets have been suggested to be susceptible to coro-
navirus infection, adequate PPE is necessary to provide user protection
and to avoid cross-infection [18]. However, the COVID-19 crisis saw
severe PPE shortages worldwide, alongside the prioritisation and allo-
cation of available stocks to frontline healthcare workers [21]. In
addition, researchers faced shortages in other laboratory resources
including cell culture media and RNA extraction reagents — materials
utilised for the purposes of COVID-19 testing [20]. In response to
institution closures, many laboratories donated PPE stocks to hospital
staff, alongside other laboratory materials to aid the COVID-19 testing
effort.

Inevitably, the current pandemic saw a shift in research towards
those focused on COVID-19 [22]. For example, scientists involved in
research related to ophthalmology at the Institut de la Vision in Paris
turned to supporting laboratories involved in activities pertaining to
COVID-19 [23]. Several cancer research laboratories have also switched
to exploring the therapeutic potential of anti-neoplastic agents in
COVID-19 [24]. Candidates such as hydroxychloroquine, lopinavir/ri-
tonavir, and remdesivir are repurposed therapeutics having originally
emerged from studies on malaria, HIV and Ebola, respectively [25].
With new and ongoing non-COVID-19 research paused as well as a
growing number of scientists switching to COVID-19 research, there is
increasing concern that basic science research on other leading diseases
including cardiometabolic diseases and cancer, which contribute to
significant morbidity and mortality worldwide, could become irrevo-
cably stifled [26]. Should scientists embrace this change, a vast shift in
the scientific landscape may ensue. The crisis may also have a strong
influence on incoming students, leading to an increase in interest in
infectious diseases and statistical modelling programmes.

4. Impact on clinical science

Since March 2020, the challenge of performing clinical research has
been immense due to the suspension of many healthcare services. The
impact of COVID-19 on clinical studies was immediate and will have
long-standing consequences. Many clinical trials have been paused with
the exception of those focused on COVID-19. Enrolment into new studies
has also been suspended due to the risk of spreading COVID-19. Where
possible, on-going and future clinical trials have been revised to allow
for the implementation of virtual monitoring systems to minimize par-
ticipants’ risk of infection [27].

The US Food and Drug Administration (FDA) has since provided
guidance on the conduct of clinical trials of medical products during the
COVID-19 pandemic [28]. This was performed to assist sponsors in as-
suring the safety of trial participants, to maintain trial integrity, and to
ensure compliance with good clinical practice (GCP). For current trials,
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considerations have included the use of electronic data capture via
telemedicine, phone interview, or alternative locations for assessment,
ensuring that participants are continually informed of any changes to
the study protocol, decisions on whether alterations to the original
statistical analysis plan should be made in light of potential missing data
(e.g. from missed study visits or study discontinuation) and the potential
need to stop ongoing recruitment [28,29].

In addition to ongoing clinical trials, COVID-19 has affected trainees
in all areas of research. The integrated clinical academic training
pathway provides dedicated time to undertake clinical research,
research training, and professional development whilst maintaining
exposure to clinical practice. In the early phases of the pandemic, the
authorities of Health Education England (HEE) contacted those in such
placements to be seconded back into their clinical programme of
training [30]. Appropriate pauses or deadline extensions for the sub-
mission of academic work were granted to those returning early. The
HEE has since indicated the provision of adequate support to guarantee a
safe transition. Due to the shift in focus from research to patient care, the
suspension of research activity has also been seen amongst the senior
physician-scientist. Sponsors and funding bodies have since indicated
extensions to grants to protect the careers of many. Evidently, the
COVID-19 pandemic will have a significant and long-lasting impact on
the productivity of the scientific workforce worldwide [27].

5. Impact on researchers

Early-career researchers (ECR) and PhD students have been partic-
ularly hard struck by the COVID-19 pandemic [31]. The income of both
are vulnerable to economic change and research programme time is
often limited. PhD students typically rely on fellowships spanning one to
four years in length. Added time due to lost productivity owing to
COVID-19 may result in the incurrence of additional tuition and
research consumable fees. ECRs are expected to yield high outputs
during their short-term contracts, spanning one to two years in length.
An inability to complete the originally proposed research programme
objectives within a pre-defined timeline could impact future job appli-
cations [31].

A survey conducted by Nature between mid-June and end of July
2020 indicated that almost two-thirds of postdoctoral researchers had
felt that the COVID-19 pandemic could dampen future career prospects
[32-34]. Several other factors have fuelled concerns regarding career
progression. For example:

1. Publications: Due to the closure of universities and research in-
stitutions, researchers may be unable to complete essential experi-
ments required for the submission of scientific work. Of course, they
may still be able to catch up on unfinished work.

2. Funding: Since research output is often used to make funding de-
cisions, researchers may struggle to obtain the necessary funding to
complete their planned research programmes, leading many aca-
demic contributions to go unrecognized.

3. Networking: With the majority of worldwide scientific events
transitioning to a virtual platform, many researchers may lose
important career development opportunities in the form of building
their reputation within the scientific community via networking or
research dissemination. Additionally, junior researchers may feel
particularly vulnerable when sharing sensitive information and
novel ideas digitally.

4. Job cuts and hiring freeze: Due to an unprecedented decline in
international student enrolment and the resulting fall in university
revenue, several universities are under financial pressure. Many have
responded with job cuts and the imposition of hiring slowdowns and
freezes.

Inevitably, navigating the academic job market in the COVID-19-era
has become increasingly more complex [35]. As pressure mounts on
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existing staff to prioritise teaching over research, concerns have also
been raised regarding a reduction in laboratory personnel as well as lost
collaborative research and informal training opportunities offered by
traditional laboratories to junior researchers [36].

For international researchers, the inflexible nature of visa time limits
could result in many having to leave their country of study or work prior
to research programme completion [32,33]. Moreover, this particular
group of researchers may experience additional pressures in terms of
finding a suitable job on the next rung of the academic career ladder due
to strict visa time limits, especially if planning to continue at their cur-
rent country of study or work. Due to the resultant international travel
bans, several international researchers could not take up overseas jobs
that they had previously secured [32,33].

6. Gender inequality

Lockdown orders have also imposed new challenges for mothers in
academia, highlighting the persistence of gender inequality in science
alongside the need for equity for all [37,38]. Several previous studies
have indicated that female academics are more likely to assume
parenting or domestic responsibilities in comparison to their male
counterparts. This could be particularly true for women from countries
with high levels of gender inequality [39]. With the closure of univer-
sities and research institutions, researchers have been compelled to
work from home, however female researchers are more likely to
shoulder the added responsibilities of childcare and home-schooling.
Female researchers have also continued to battle underrepresentation
in academia and the aforementioned challenges brought by COVID-19,
which may have contributed to widening of the pre-existing gender
gap in research. It has also been noted that women make up only a third
of all authors named on COVID-19 related publications, and that this
female underrepresentation is particularly marked among first and last
authorship positions [39]. In addition, male authors on popular preprint
repositories including arXiv and bioRxiv increased at a greater rate than
their female counterparts [40]. Female researchers are also more likely
to hold casual or short-term job contracts and are therefore more sus-
ceptible to job loss or lost research opportunities [41].

7. Funding

The COVID-19 lockdown has led to monumental implications for
charities and funding for scientific research. The increasingly likely
prospect of a long-term economic downturn could lead to longer-term
impacts on development budgets, funding from direct donations, as
well as government and charitable grants. Moreover, a reduction in
fundraising income due to the cancellation of events and nationwide
lockdowns have led to concerns regarding charity-funded research, the
premature closure of sites working overseas, and the furlough of charity
staff [42].

Medical research charities such as Cancer Research UK announced
the decision to cut £44 million in funding across its research portfolio in
April 2020 [43]. The British Heart Foundation has also predicted a 50%
decline in net income, alongside the possibility of halving investment
into new scientific endeavours (from £100 million to £50 million the
following year) [44,45]. Research investigating the impact of the
COVID-19 crisis has also revealed a 24% reduction in total income,
equating to a £12.4 billion total loss [46]. In response to the potential
decline of overseas student fee income, many universities have reques-
ted governmental support to temporarily boost their research funds
[47]. To mitigate both short and long term damage, many are calling
upon action from governments to strengthen their commitment to
funding innovation ecosystems and to protect decades of research in-
vestment [3].

To compound this, many organisations are assisting researchers by
repurposing their grant funds to facilitate a switch to COVID-19
research. A multitude of funding opportunities have since been
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launched including the National Institute for Health Research (NIHR)
and Global Effort on COVID-19 programme (BECO; for long-term
research into the COVID-19 pandemic), Microsoft AI for Health
COVID-19, EUREKA Funding authorities (to yield solutions for the next
human high-impact pandemic), the British Endodontic Society (BES; to
address the impact of aerosol generating procedures in dentistry), the
British Society for Antimicrobial Chemotherapy (BSAC; to better un-
derstand and address the COVID-19 outbreak), and the US National
Institutes of Health (NIH; emergency awards for rapid investigation of
SARS-CoV-2 and COVID-19).

8. Academic publishing

The COVID-19 crisis has similarly imposed challenges on the long-
standing model of research publication, which has proven inadequate in
situations requiring the rapid dissemination of data [48]. The prevailing
model is notably dominated by for-profit academic publishing houses,
although many researchers have long voiced support for an open access
model. In response to COVID-19, commercial publishers have tempo-
rarily halted paywalls on coronavirus-related research to support
research efforts and communications. Many traditional journals have
also devised initiatives to help enhance the peer review process such as
recruiting a pool of rapid review scientists and permitting extended or
flexible revision timelines, all whilst ensuring that rigour and repro-
ducibility remain paramount. Many researchers have also turned to
non-peer reviewed preprint servers (e.g. medRxiv and bioRxiv servers)
to facilitate the rapid dissemination of information. Moreover, the Eu-
ropean COVID-19 Data Portal, announced by the European Commission
President, aims to help scientists coordinate the sharing of research data
pertaining to pathogenesis, epidemiology, genetics, and potential ther-
apies [49]. Others have utilised existing cohort data to dissect the role of
host genetics [50]. The resulting degree of unparalleled data sharing has
fostered an unprecedented level of global scientific collaboration.
Although fruitful, such endeavours have raised numerous issues
including how to uphold the basic standards of scientific conduct and
integrity whilst preventing the risk of data misinterpretation. More
recently, a number of high-profile retractions have been made in jour-
nals such as New England Journal of Medicine and The Lancet [51],
leading to a reform in editorial policies [52].

9. Conferences

The COVID-19 pandemic hit the business events industry with un-
precedented force leading to the cancellation of many large-scale annual
conferences and small society meetings [53]. These decisions were
enacted in light of the logistical difficulties that would be faced,
including an inability to guarantee the safety of participants or to
mitigate the negative effects of travel restrictions. Several events were
alternatively postponed; however, this option is non-viable for events in
which there is a focus on the delivery of cutting-edge information or
time-sensitive data. The evolving situation is also difficult to predict.

In contrast, a significant number of meetings have been redesigned as
virtual events including the International Associations of Surgeons of
Great Britain & Ireland (ASGBI) Congress (Glasgow, UK), European
Molecular Biology Organization (EMBO) Symposium “The four dimen-
sional genome — Virtual” (Heidelberg, Germany) and the 2020 edition of
“The Biology of Genomes™ (Cold Spring Harbor Laboratory, New York,
US). This new format brings several unique opportunities but also
numerous technical and organizational challenges. Virtual conferences
allow attendance irrespective of travel restrictions and geographic travel
constraints (reducing the associated carbon footprint), remove logistical
and financial barriers to attendance, offer the advantage of accommo-
dating thousands of attendees as opposed to hundreds, enable modera-
tors to better control the flow of discussions, and are compatible with
event marketing and sponsorship strategies. Virtual conference-based
bioinformatics and programming courses also provide users with the
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opportunity to expand their scientific skill set, developing into more
interdisciplinary hybrid data scientists. Conversely, virtual conferences
do not completely replicate the in-person conference experience, sci-
entific discussions, ‘blue sky’ thinking over a cup of coffee, nor do they
provide an opportunity for social impromptu gatherings. Although use
of a virtual conference format may lose appeal once lockdown measures
loosen, it is nevertheless cromulent to consider that such platforms will
complement in-person events post-COVID-19.

10. Outlook and future considerations

As with the rest of ‘normal’ life, the research landscape has been
significantly and detrimentally altered by COVID-19. The changes
having come into effect over the past several months are unlikely to
revert to the old status quo in the near future and so a ‘new normal’ may
have to be reached [54].

As previously mentioned, virtually all non-COVID-19 research was
halted during the peak of the pandemic with the closure of laboratories
and the secondment of clinician-researchers back to the front lines [55,
56]. As research facilities begin to reopen, the “safety of research par-
ticipants and personnel is of paramount importance”, and studies must
be conducted in line with guidance such as the NIHR Restart Framework
[57]. Given current social distancing requirements and resource avail-
ability, prioritisation of research, naturally favouring COVID-19-related
work, is likely to continue for some time: Level 1 — essential studies
providing evidence for pandemic management; Level 2 — studies where
the research protocol includes an urgent treatment or intervention
without which patients could come to harm; and Level 3 — all other
studies. Institutions and research organisations should therefore work to
ensure they provide appropriate physical space for work to be con-
ducted. Space efficiency should be maximised by restructuring labora-
tories and establishing working partitions.

Research funding is a further point of concern. With many charities
and organisations facing a reduction in funds to support research, there
is the potential that a decline in opportunities to conduct studies will
soon ensue [44]. Grant prospects may become more infrequent and
applications more competitive. Financial stimulation needs to be
ensured, and whilst government-funded research bodies have
committed to upholding the funding of research [58], government
spending in a time of recession is likely to have a toll on research
funding. Whilst a number of funders are offering administrative relief to
help researchers affected by COVID-19, there is significant concern
regarding funding after the pandemic [59]. Moving forwards, consid-
eration should be given to support non-COVID-19 research and funding
bodies should seek to catalyse the resurgence of normal research ac-
tivities through specific funding opportunities and stimulus packages.

With elements of social distancing and the need to protect vulnerable
members of society likely to continue for some time, researchers must
also consider the ongoing implications on research using human par-
ticipants [60]. Indeed, suspension of enrolment was responsible for the
majority of disruption in clinical trials during the pandemic [61]. As
human participation in studies resumes, these obstacles must be over-
come by assessing the need for face-to-face interactions and the poten-
tial use of remote recruitment and monitoring of research participants
[62]. Surgical clinical research is also called into question, for similar
reasons, given the drive to minimize unnecessary patient contact
alongside the dramatic decline in elective surgeries performed over the
course of the pandemic [63-65] leading to potential biases in surgical
study outcomes [66]. As the backlog of surgical procedures begins to be
tackled, surgical research is unlikely to be at the forefront of healthcare
system providers’ minds. However, if we are to avoid a drought in sci-
entific discovery and advancement academic surgical authorities should
encourage the restart of clinical research, perhaps via modified pro-
tocols and processes to ensure safe, efficient, and effective studies.

Those seconded back to the hospital front lines from their surgical
academic training posts will now be many months behind on their
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research schedules. Appropriate allowances and support mechanisms
must therefore be implemented in order to support a gradual transition
back to academic work. The Clinical Academic Training Forum has
developed a series of principles in order to support this [3], with the aim
of “supporting and progressing the careers of trainee clinical aca-
demics”. It suggests actions for postgraduate deans and training pro-
gramme directors, universities and research institutes, funders, and
indeed trainees in attempting to address the major challenges in
restarting research effectively and delivering effective re-entry mecha-
nisms. Moreover, it is not atypical for trainee surgeons to undertake an
international fellowship in order to broaden their clinical experience
and research exposure [67]. Given the disruption that the current
pandemic has had on surgical trainees’ experiences of overseas fellow-
ship programmes [68], and in light of ongoing border closures, travel
restrictions and mandatory arrival quarantines, it seems unlikely that
these fellowship programmes will be able to fulfil their full purpose in
the near future. Academic trainees should investigate the possibility of
domestic fellowships or other local prospects for training opportunities.

There are a number of positive lessons which can be drawn from
researchers’ experiences of academia during the COVID-19 pandemic.
The most pertinent of these can be summarised in two words - collab-
oration and speed. International research efforts, built on collaboration,
have allowed for significant breakthroughs to be made regarding our
understanding of the pandemic [69]. The open sharing of knowledge
and research efforts has stimulated global collaborative bonds with
common purpose. It is our hope that these will continue beyond the
pandemic, for the benefit of both education and research [70].
Furthermore, all facets of research (proposals, funding, basic research,
clinical research, publication and translation into practice) have typi-
cally followed a slow and archaic roadmap [71]. The COVID-19
pandemic has demonstrated that all areas of research can be per-
formed much more swiftly and efficiently [72]. Perhaps this too will be a
positive element that can be taken forward as we begin to consider the
future outlook for scientific research post-COVID-19.

11. Conclusion

COVID-19 has led to the imposition of numerous scientific limita-
tions on clinical and surgical trainees worldwide. Basic scientific
research has been particularly hard hit in light of nationwide lockdown
measures, whilst clinical scientists have witnessed similar hardships in
response to the suspension of healthcare services and an abrupt return to
full-time clinical duties. Although the scientific infrastructure used to
promote research preparedness in response to worldwide crises differs
across continents, research scientists have mobilised swiftly with an
extraordinary show of solidarity. The resulting level of international
collaboration is greatly anticipated to shape the future of scientific
research, coinciding with the uprise of virtual and telecommunication
modalities for data dissemination and communication. The long-term
consequence of the COVID-19 pandemic on research and training pro-
grammes is difficult to ascertain, however it is anticipated that the
current crises will shape working and teaching patterns within the sci-
entific world for years to come. Although the overwhelming effects of
the COVID-19 pandemic on the medical and surgical academic work-
force have been undeniable, major global events often leave dramatic
imprints on science, and overcoming these academic hurdles requires a
concerted research effort.
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