
 

 

Since January 2020 Elsevier has created a COVID-19 resource centre with 

free information in English and Mandarin on the novel coronavirus COVID-

19. The COVID-19 resource centre is hosted on Elsevier Connect, the 

company's public news and information website. 

 

Elsevier hereby grants permission to make all its COVID-19-related 

research that is available on the COVID-19 resource centre - including this 

research content - immediately available in PubMed Central and other 

publicly funded repositories, such as the WHO COVID database with rights 

for unrestricted research re-use and analyses in any form or by any means 

with acknowledgement of the original source. These permissions are 

granted for free by Elsevier for as long as the COVID-19 resource centre 

remains active. 

 



from the fish processing industry into
pricey fashion products [14], fish bones
bioprocessed into high-value collagen for
cosmeceutical, and fish scales used for
bone tissue engineering applications [15]).
Finally, at the scientific and technological
challenges level, blue biotechnology is
driven by innovation. Innovative tools, such
as miniature next-generation sequencing
(NGS) or lab-on-a-chip and microfluidic
devices, are paving the way for further and
deeper marine exploration. By facilitating
sample collection and allowing onboard
and laboratory growth of specimens
collected under extreme deep-sea
conditions, blue biotechnology continues
to unravel the ‘blue gold’: the hidden
chemodiversity of world oceans. The use
of biotechnology to solve challenges in
aquaculture (e.g., in aquafeed
formulations), overfishing, integrated
ecosystem management approaches,
and the production of new species
(namely, microorganisms grown ex situ)
is now generalized and will continue to
expand. Most importantly, the recent
range of novel hologenomic approaches
and biodata gathering and mining are
paving novel ways to interpret and use
this information for as-yet-unforeseen
applications that are likely to promote
disruptive breakthroughs in science and
technology. By building bridges between
technology, stakeholders, and the
economy, blue biotechnology is among
the most innovative, yet overlooked,

innovation ecosystems that can contribute
to a bluer bioeconomic future.
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Table 1. (continued)

SDG Blue biotechnology solution

Sustainable economic models, circular economy, and biobased businesses growth
Conservation of natural resources and ecosystem services as economic assets,
genomics for assisted evolution to promote more resilient phenotypes, and
ecosystem management to promote biodiversity and stock sustainability
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abates; an Ebola vaccine was
approved 5 years after peak
outbreak and SARS, MERS, and
Zika vaccines are still in clinical
development. Despite massive
leaps forward in rapid science,
other regulatory bottlenecks are
hamstringing the global effort for
pandemic vaccines.

When an international team of researchers
led by Jeremy Farrar from the Wellcome
Trust published an article last November
in Nature calling for theories and practices
underpinning infectious disease
epidemiology to keep pace with the
translational nature of epidemics in the
21st century [1], few thought the next
pandemic would come so soon. Yet,
when the COVID-19 outbreak was
confirmed by Wuhan Municipal Health
Commission on 31 December 2019, the
scientific community acted swiftly,
collaborating intensely across disciplines
and sharing new knowledge in a truly
open innovation approach to advancing
scientific research [2–5].

The combined efforts of the scientific
community, mobilization of public health
resources, increased public and private
investment, and a ‘completely new culture
of doing research’ [6] accelerated the
first novel vaccine candidate through
discovery, lead-candidate optimization,
preclinical development, and into clinical
trials within 2 months of the outbreak.
Four additional candidates entered the
clinic within the next month and 18 more
are expected to begin clinical trials by late
2020 [7].

Rapid Development
The rapid spread of COVID-19 helps us
understand the volume, diversity, and quality
of resources mobilized to realize these
unprecedented vaccine development
speeds, especially when we compare them
with the response to other global outbreaks

over the last two decades (Figure 1). The
first novel vaccine candidate for COVID-19
began clinical trials 1 month faster than the
first candidate for the H1N1 swine flu
epidemic in 2009 (93 days) and 3 months
faster than the first Ebola vaccine candidate
in 2014 (167 days) (Table S1 in the
supplemental information online). These
vaccine candidates also started clinical
trials ahead of their respective outbreak
peaks (Figure 2).

Yet, only the H1N1 vaccine was
approved in time to deliver a preventative
solution to the then ongoing public health
crisis. Novel vaccines against the viruses
responsible for the 2003 severe acute
respiratory syndrome (SARS), 2012
Middle East respiratory syndrome
(MERS), and 2015 Zika virus outbreaks
are still in clinical testing, long after their
respective outbreaks peaked and the
World Health Organization (WHO)
declared the outbreaks over. While there
is now an Ebola vaccine, it took 5 years
to complete 12 supporting and one
pivotal clinical trial, then be reviewed and
approved (in 2019) by the European
Medicines Agency (EMA) and the FDA
Centre for Biological Evaluation and
Research (CBER).

The reality is that a 5 year development
program for a novel vaccine is fast. The
only other novel vaccines approved by
CBER in 2019, one for dengue fever
(Dengvaxia, Sanofi) and one for small-
pox and monkeypox (Jynneos, Bavarian
Nordic), were both in clinical trials for
approximately 15 years. Five-year clinical
development is fast, even for drugs, and
generally limited to ground-breaking
precision medicines for indications with
unmet medical need where the FDA’s
Centre for Drug Evaluation and Research
works intensively with drug developers
to impart their knowledge and expertise,
built over decades and across
thousands of new drug development
programs [8,9].

To achieve the Ebola vaccines’ 5-year clinical
program, global regulators from developed
countries combined and leveraged their
collective expertise to assist the African
Vaccine Regulatory Forum and worked
closely with vaccine developer Merck to
conduct supporting and pivotal trials when
and where the outbreak was underway [10].
This significantly improved the regulatory
and ethics timelines in key areas of
presubmission discussions with sponsors
and manufacturers, authorization of clinical
trials and emergency use of investigational
vaccines, and implementation of joint reviews
for ethical and regulatory approvals [10,11].
The leadership of WHOwas the cornerstone
of this coordinated regulatory response.

Regulatory Bottlenecks
While there are ongoing collaborative
efforts around the harmonization of
regulatory frameworks in pharmaceuticals
and medical devices, the ability to
coordinate cross-national regulatory
responses in times of crises remains a
sticking point. For example, while Merck
submitted the same evidence dossier for
the Ebola vaccine to both the EMA and
FDA at the same time, there were different
meetings, review and response timelines,
and questions from each, and ultimately
the vaccine was approved 1 month earlier
in Europe than the United Statesviii.
Further, regulatory and ethical issues
could make it challenging for SARS,
MERS, and Zika candidates to even
complete clinical testing now that their
respective outbreaks are over. For
instance, the development of a Zika
vaccine still presents unresolved
questions around the identification of
immune markers likely to predict clinical
benefit, the role of flavivirus immunity in
vaccine safety, and ethical concerns
related to the vaccination of pregnant
women [12].

There is ongoing debate about how long a
novel COVID-19 vaccine will really take to
advance through trials, achieve regulatory
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Figure 1. Timing and Duration of Key Development Milestones towards a Vaccine in First 365 Days of Recent Major Global Outbreaks. Double lines at
365 days represent ongoing activities. Slanted lines indicate overlap in development milestones; the genomes of Middle East respiratory syndrome (MERS) and severe
acute respiratory syndrome-coronavirus 2 (SARS-CoV-2; COVID-19) were sequenced and diagnostic tests developed before the World Health Organization (WHO)
issued their alert. See Table S1 in the supplemental information online for dates of featured events.

approval across multiple jurisdictions, and
be manufactured and distributed at the
required scale to impact global immunity
and prevent further transmission.
Vaccines often present commercial
viability challenges due to long, complex
development timelines and ‘capacity to
pay’ issues in developing countries. While
some that achieve global population
health success, such as the human
papillomavirus vaccine, can provide
substantial return on investmentix, these
trends have meant that, compared with
novel therapeutics, far fewer vaccines
have made it through clinical testing. As a
result, regulators and vaccine developers
lack experience in vaccine development
comparable with novel therapeutics [13].
This could become increasingly

problematic if all current COVID-19 clinical
and preclinical vaccine candidates are
simultaneously vying for regulators’
attention and resources to expeditiously
review clinical protocols and evidence
dossiers. Not to mention disruption to
other clinical programs, as regulators are
redirected to reviewing the clinical
protocols of dozens of COVID-19 vaccine
candidates and even more therapeutic
candidates. Beyond these bottlenecks,
the underlying support required within
bioanalytical and pathology providers will
also be critical to ensure rapid availability
and interpretation of clinical data.

The changing dynamics of the disease as it
continues to emerge could also affect the
development of vaccines when trial designs

are informed by the epidemiology of the
virus. Asgovernments implement lockdowns
and nonessential travel and transmission
rates decline, clinical trial recruitment will
become challenging across the potentially
dozens of independent clinical programs
striving for patients and healthy volunteers.
In addition, patient screening for COVID-19-
negative status and monitoring of potential
virus exposure while on study will create
additional challenges and opportunities for
early trial endpoints.

Potential Solutions
If regulatory bottlenecks prevent solutions
being brought to the public in time to
reduce the impact of an epidemic, then
we need to consider alternatives that
deliver solutions at an earlier stage of an
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Figure 2. Number of Reported Cases per Month and Key Events in the Development of a Novel Vaccine for Global Epidemics and Pandemics over the
Last Two Decades. See Table S1 in the supplemental information online for key events. Data sources: severe acute respiratory syndrome (SARS): World Health
Organization (WHO)i; H1N1: WHOii, FluNet/WHO Global Influenza Surveillance and Response System (GISRS)iii (H1N1 data comes from surveillance of global
circulation of influenza viruses; number of specimens positive for H1N1 reported to GISRS); Middle East respiratory syndrome (MERS): European Centre for Disease
Prevention and Control (ECDC)iv; Ebola: Centers for Disease Control and Prevention (CDC)v; Zika: Pan American Health Organization (PAHO)/WHOvi; COVID19: Johns
Hopkins Universityvii (COVID-19 cases for month 4 are from 1 April 2020 to 27 April 2020).

epidemic, in the geographical jurisdictions
where the outbreak is occurring.
Governments can leverage harmonized
regulatory standards, mutual recognition,
and regulatory reliance mechanisms to
enhance existing regulatory pathways and
accelerate and coordinate approvals
globallyx. This would be particularly beneficial
in countries that traditionally suffer
submission and approval lags for novel
drugs and vaccines.

With the data at hand from previous
outbreaks, we can consider predictive
epidemiological models that can guide
globally coordinated responses ahead of
the curve and take advantage of the
availability of patients across what are
typically northern and southern hemisphere
seasonal outbreaks. Public–private

partnerships, such as the Accelerating
COVID-19 Therapeutic Interventions and
Vaccines partnership led by the National
Institutes of Health, and programs for
expedited responses from leading regulators
such as the FDA’s Coronavirus Treatment
Acceleration Program and the EMA’s
Rapid Response team could be pre-
emptively designed anddeveloped for global
health emergencies, rather than introduced
during an outbreak, and when governments
with advanced health systems such as
Australia, New Zealand, South Korea,
Hong Kong, Taiwan, and Singapore have
already flattened their curves. This may
point to an expanded leadership role for
international organizations like WHO to
coordinate regulatory jurisdictions in a
more focused and targeted manner. In
short, global coordination of regulatory

efforts for COVID-19 are still lagging
research and clinical development efforts.

We also need to be better prepared in the
areas of preclinical science, including animal
challenge models, clinical trial pathways
from safety to efficacy, and for innovative
and adaptive clinical trial designs such as
umbrella studies (where multiple candidates
are tested under a single protocol) to
become the norm in times of epidemics.
While some of these trial initiatives have
started to emerge, such as the
SOLIDARITY trial, they are still few and far
between. This is especially problematic
considering there are currently over
500 randomized controlled studies for
COVID-19 preventatives and treatments, 31
of which have at least two arms and a target
sample size of at least 1000 patients (some
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with recruitment targets of 40 000–55 000)
[14]. Large, randomized and placebo-
controlled studies have been associated
with longer total development times, as
opposed to smaller, nonrandomized single-
arm or extension-arm studies [8]. Last,
guidance documents for pandemic trials
should be available in anticipation of
pandemics, ready to be triggered as soon
as the WHO declares a public health
emergency, and remain in effect after the
public health crisis has abated.

While it is clear the scientific community’s
attention is now shifting towards regulatory
solutions and regulators are demonstrating
flexible regulatory processes, there is no time
for competition and fragmentation among
governments and regulators. Regulation
requires collaboration, especially as a solution
would provide neither prophylactic nor
therapeutic benefit to communities, or
commercial return to the developer, if
marketed after the peak of the outbreak.
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In the last decade, intervertebral
disc (IVD) decellularization has
gained significant attention for
tissue regenerative purposes as a
successful therapeutic alternative
for low back pain (LBP). We
discuss the recent advances in
IVD decellularization, repopulation,
and sterilization procedures,
highlighting the major challenges
that need to be addressed for
clinical translation.

Recapitulating a Healthy Disc
Environment to Treat LBP
IVD degeneration is often the cause of
LBP, which affects over 70% of the
world’s population and is the most
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