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Contact tracing departments.

About nine months after the emergence of SARS-CoV-2, this special issue of the Biomedical
Journal takes stock of its evolution into a pandemic. We acquire an elaborate overview of
the history and virology of SARS-CoV-2, the epidemiology of COVID-19, and the develop-
ment of therapies and vaccines, based on useful tools such as a pseudovirus system,
artificial intelligence, and repurposing of existing drugs. Moreover, we learn about a po-
tential link between COVID-19 and oral health, and some of the strategies that allowed
Taiwan to handle the outbreak exceptionally well, including a COVID-19 biobank estab-
lishment, online tools for contact tracing, and the efficient management of emergency

Spotlight on reviews

Pandemic number five — latest insights into the COVID-19
crisis

The current COVID-19 landscape is yet one of permanent
transformation and uncertainty — the case and fatality
numbers increase every day, articles are published by the
hundreds, potential drug candidates come and go, and diver-
gent crisis management strategies by different countries are
hotly debated. Despite the ongoing evolution of the pandemic,
two reviews in this special issue of the Biomedical Journal by Liu
et al. and Chauhan comprehensively recapitulate the current
state of the art regarding the origin and features of SARS-CoV-2,
as well as its epidemiology, clinical manifestations, and the
advancement of treatment options [1,2] [Fig. 1].

Both articles set forth by reminding the reader of the
chronological milestones; from the onset of the disease in
Wuhan, December 2019, to the official declaration of a
pandemic by the World Health Organisation (WHO) on March
11th 2020 — rendering it the 5th registered pandemic since the
1918 Spanish influenza — and the process leading to the final
nomenclature SARS-CoV-2. Subsequently, the virology, origin,
and molecular features of the novel coronavirus are eluci-
dated. In this respect, two elements are of particular interest,
starting with the fairly recent increase in aggressive corona-
virus cases [3]. Coronaviruses might have existed since mil-
lions of years, avian variants were officially identified in the
1930s, and four human types (HCoV) causing minor upper
respiratory tract infection are known since 1965 [2,4]. Yet 2002
witnessed the first Severe Acute Respiratory Syndrome (SARS)
outbreak, 2012 the Middle East Respiratory Syndrome (MERS)
crisis, and 2019 the COVID-19 pandemic [5]. However, the
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Fig. 1 Overview of the many aspects of the COVID-19 pandemic covered in this issue. This special issue of the Biomedical Journal
covers many facets of the current COVID-19 situation, including the evolution of the pandemic since its beginning, ongoing
efforts to develop treatments and vaccines, and crisis management strategies with Taiwan as an example.

important element is not particularly the culprits being
coronaviruses, but rather zoonoses, that is to say diseases
circulating in an animal reservoir and eventually acquiring
animal-to-human, and sometimes human-to-human trans-
mission [6]. For instance, all three dangerous coronaviruses
stem from bats, with various intermediate animal hosts, such
as civets (SARS), camels (MERS), and maybe pangolins in the
case of COVID-19 [7]. On a more general level, zoonoses are the
most threatening providers of epidemics and pandemics [6],
and one thing is certain, COVID-19 was certainly not the last,
nor the worst outbreak that mankind will have to face. In
addition to the eruptions caused by the above-mentioned
coronaviruses, the past two decades alone cumulate swine
flu (H1N1), several threatening versions of avian flu (H5Nx),
two massive Ebola crises, and the expansion of insect vector-
mediated parasitic diseases such as Dengue, Zika, or Malaria.
The reasons are rather obvious: increased human population
and mobility, climate change, intense animal farming, human
intrusion into every ecosystem, and displacement of both
humans and animals as a consequence of global warming and
ensuing political unrest [8].

On the other hand, in opposition to the broad characteristic
of a zoonosis, the second SARS-CoV-2 feature which attracted
much attention is the surface spike glycoprotein, or S protein,
as it binds with high efficiency to the host cell angiotensin-
converting enzyme 2 (ACE2), mainly present in the heart and
the lungs. Moreover, it requires cleavage by the host serine
protease TPRSS2 for internalisation [9]. As a direct conse-
quence, much research has focused on the S protein in the
role of a vaccine antigen or a target for blocking fusion with
the host cell [10], a topic further elaborated by several articles
in this issue of the Biomedical Journal [11—-13].

Furthermore, the course of the pandemic worldwide so far
is outlined. Most of us have certainly been consulting the
official numbers on websites such as worldometers.info/
coronavirus/ on a daily basis. Marked differences between

countries, especially regarding the mortality rates, quickly
became evident [14], and the pandemic has taken a highly
political turn since, as governments chose different strategies,
balancing the safety of the population against the security of
their economy.

Liu et al. further address the question if SARS-CoV-2 has
mutated, or is expected to, based on the known RNA virus
proficiency to change or recombine. Although no crucial
changes have been detected yet [15], the spread and contin-
uous evolutionary pressure exerted on the virus keep
increasing the risk for a scenario that could be disastrous. For
these reasons, the authors call righteously for regular se-
quencings, the construction of a phylogenetic network, and
the investigation on geographic patterns to stay ahead of
unwelcome surprises [1].

Meanwhile, Chauhan provides a detailed account of the
main clinical manifestations of COVID-19, including compu-
terised tomography (CT) scan and haematological findings, as
well as some preliminary biomarker candidates that might be
able to predict the severity of the disease course. This leads
straight to an overview of the standard diagnosis methods,
headed up by real time PCR, and the priority guidelines for
patient management. Concerning treatment options, the so-
bering statement up to now is that there are no proven ther-
apies and treatments for COVID-19, despite massive universal
efforts, and that potential vaccines have yet to prove their
worth [2].

In conclusion, both reviews point out that a pandemic
knows no borders, and thus that its outcome relies massively
on the cooperation of all countries involved. The scientific
community has without doubt already made some extraor-
dinary progress since the first cases of avian influenza, and
the immediate sharing of data regarding SARS-CoV-2 — from
sequences to numbers — has been exemplary. On the other
side of the coin, the crisis has highlighted countless flaws of
modern societies: unequal access to health coverage and
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treatment, public hospitals already on the verge of collapse
before the start of the pandemic, the complete unprepared-
ness of governments for this type of scenario, and the dangers
of massive media-fuelled misinformation. We can but hope
that the enormous amount of data generated by this period
will be carefully analysed and evaluated, and that the right
and responsible conclusions will be drawn for the future.

Spotlight on original articles
A pseudovirus for real experiments

Discovering a functioning treatment for COVID-19 as quickly as
possible is imperative, and developing a safe and efficient vac-
cine probably even more importantin the longrun. Accordingly,
research power worldwide has focused on the task at full tilt. For
instance, at the moment of writing and according to the New
York Times' Coronavirus Vaccine Tracker, over 165 vaccines
against the coronavirus are at different stages of testing, 8 of
them in phase III clinical trials and 2 approved for early or
limited use.’ However, there is one considerable limitation to
any SARS-CoV-2 related experimental research — the require-
ment of bio-safety level 3 (BSL-3) facilities, which are not avail-
able in every institution, and restrict the range of possible
manipulations [16]. For this reason, Huang and colleagues from
Taiwan advocate here for the multiple advantages of working
with a pseudovirus system, and demonstrate its concrete us-
ability for studying SARS-CoV(-2) as well as several influenza
virus H5 subtypes [12]. The term “pseudovirus” was originally
coined in 1967 after the discovery of a mouse DNA-
polyomavirus hybrid.? Nowadays it designates a recombinant
viral particle made from a well-known backbone, like the
human immunodeficiency virus (HIV-1) or the vesicular sto-
matitis virus (VSV), and envelope proteins from the virus to be
investigated. Usually, an additional plasmid or viral vector, such
as a packaging vector, is required to allow for the production of
the pseudovirus, and the latter can replicate only once in the
infected host cells. As a consequence, the system can be
handled in BSL-2 laboratories, while being still a good model for
viral entry and of great use for the study of virus—host cell
interaction, drug screening, antibodies, and vaccines [16,17].

In order to emphasise the urgent need for drugs and vac-
cines, the authors lay the foundations of their story by
reminding the reader of the long list of emerging and re-
emerging viral diseases that caused a worrying number of
epidemics and pandemics over the past two decades [8].
Subsequently, the design of their pseudovirus system is
revealed: the classical VSV lentivirus vector system functions
as the packaging vector, and is co-transfected with a RFP re-
porter plasmid and plasmids encoding either the full-length
spike (S) protein sequence from SARS-CoV, SARS-CoV-2, or
the haemagglutinin (HA) and neuraminidase (NA) genes from

1 https://www.nytimes.com/interactive/2020/science/
coronavirus-vaccine-tracker.html?campaign_id=154&emc=edit_
cb_20200806&instance_id=21055&nl=coronavirus-briefing%C2%
AEi_id=74506246&segment_id=35470&te=1&user_
id=9cb97a1f6d9d5cf2c7653688c98c99b6.

2 news-medical.net/health/What-is-a-Pseudovirus.aspx.

H5N2, H5N6, and H5NS8 into 293T cells. The latter allow for the
production of pseudotyped lentiviral particles, which are then
used for the infection of chosen host cells.

First, proper expression of the S or HA proteins on the virions
is assessed, revealing the presence of complete S proteins but
the partial cleavage of HA proteins, probably due to the 293T cell-
specific host proteases. Indeed, apart from the interaction of the
S protein with the host ACE2 receptor, the requirement of the
host cell serine protease TMPRSS2 to cleave it into S1 and S2
subunits for envelope fusion, has been considered another tar-
geting hotspot for potential drugs [10], stressing how much the
hijacking of the host cell mechanisms has to be taken into ac-
count when battling a viral infection. For instance, camostat
mesylate, a TMPRSS2 inhibitor and drug used to treat chromic
pancreatitis and reflux oesophagitis, is being tested for inhibi-
tion of SARS-CoV-2 fusion with host cells [11,18].

After proving efficient transduction of the SARS-CoV and
SARS-CoV-2 pseudovirus particles into Vero-E6 cells, a simian
epithelial cell line, and optimising the transduction condi-
tions, the authors return indeed to the protease topic, and the
question if transduction could be further enhanced by the
addition of exogenous proteases. Yet, trypsin displays the
opposite effect, leaving the question open of which enzyme
would eventually help severing the S proteins in the given
system.

Instead, Huang et al. focus on their main goal, demon-
strating that their pseudovirus system can be used for the
evaluation of neutralising antibodies and vaccine generation.
Neutralisation readout consists in a reduction of RFP expres-
sion and thus transduction in the presence of antisera from
mice immunised against SARS-CoV-2 S recombinant protein
[12]. For one out of two antisera, neutralisation could be suc-
cessfully quantified using the chimeric virions.

As for the expression of avian influenza surface proteins,
the authors show satisfactory transduction into MDCK cells, a
canine epithelial cell line, then use the system straight for the
generation of antisera respectively against the three subtypes
in mice. Neutralisation of the latter is confirmed again via
interference with transduction, as well as a partial cross-
reactivity of the antisera raised against different subtypes, a
desirable feature when it comes to the development of broad
spectrum vaccines.

Altogether, the described system reinforces the suitability
of the lentiviral pseudovirus model for the safe study of
dangerous pathogens and the much needed evaluation of
antigenicity and immunogenicity during vaccine generation.

Also in this issue
Reviews

A race against time

Detect, treat, and cure — countless research groups and
pharmaceutical companies rushed to fulfil this triad as soon
as the severity of the COVID-19 crisis became clear, massive
funds were allocated from governments and private in-
stitutes, and clinical trials initiated all over the world. Yet
there is no validated treatment or vaccine on the market yet —
with the yet controversial exception of “Sputnik V”, the
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Russian vaccine registered on August 11th before the end of
the testing programme.?

In the meantime, Shih et al. sum up the recent state of af-
fairs relating to diagnoses and treatment of COVID-19 in the
present review [11]. They elaborate on the different levels of
diagnosis starting with clinical symptoms and nucleic-acid-
based identification methods, which are currently the most
common tool for broad mass testing, as well as on the security
issues with virus isolation and the challenges of antibody
detection. Following this, the authors detail the therapeutic
options under current investigation by their viral target site,
plus some that could modulate the host immune system.
Moreover, the option of SARS-CoV-2 specific neutralising anti-
bodies is briefly discussed, which could be an efficient yet very
expensive way to bridge the time until a safe vaccine is found
[19]. Finally, different possible vaccine strategies are described
with their respective advantages and risk factors [20], which
should be of major interest given the recent developments.

Original articles

Picking the artificial brain

Beyond question, the best chance to track down an efficient
treatment for COVID-19 in a close future relies on repurposing
an already existent and approved drug, as this would
considerably shorten the duration of clinical trials without
jeopardising patient safety [21]. Before the era of computa-
tional approaches, this strategy would have relied uniquely on
trial and error experiments [22], but lately, the process sped up
greatly by machine learning. “Deep neural networks”, is the
latest shibboleth somewhere between dystopian science-
fiction and flying cars, and refers in brief to an algorithm's
ability to recognise or predict novel elements based on a
training dataset and permanent feedback loops.* Incontest-
ably, the method has already come a long way from its original
playground made of the MNIST database of handwritten
numbers, as proven here by Ke et al. and their machine
learning approach to identify known drugs with potential to
fight SARS-CoV-2 [23]. The authors trained their system both
on a dataset consisting of compounds reported active against
other RNA viruses, and another one made of known 3C-like
protease inhibitors, and tested hits subsequently in vitro
against the feline infectious peritonitis (FIP) virus. The results,
plus more experimental data from the same institute also
described in this issue [13], were fed back into the algorithm,
leading to the identification of 13 promising candidates for
further experimental validation.

Back to the roots

Or rather, back to all kinds of plant bits and pieces. Over the
past decades, the de novo design of drugs and antibiotics has
encountered a bottleneck. As a consequence, the interest in
natural compounds has witnessed a huge comeback [24,25].
Notably polyphenols, such as flavonoids, have acquired a
reputation of universal benefit against practically everything

® https://sputnikvaccine.com/.

* An excellent broad-public approach on how neural networks
actually work has been made by Grant Sanderson: https://www.
youtube.com/watch?v=aircAruvnKk.

from obesity to cancer, although evidence stems so far mainly
from culture dishes and animal models [26—-28]. By way of
illustration, narcissoside is a commercially available flavonoid
found for example in Ginkgo leaves [29], enough to be pitched
as possessing antioxidant and antiproliferative activities in
cancer by providers.® Here, Dubey et al. show that according to
a computational docking model, the main protease of SARS-
CoV-2 is bound by narcissoside with greater efficiency than
the potent broad-spectrum non-covalent inhibitor X77. This
suggests that the molecule could potentially act as a good
inhibitor against the virus, and thus should be added on the
list of compounds to be tested experimentally [22].

New tricks for old drugs

Researchers from the National Health Research Institutes in
Taiwan combined old and new methods in order to hunt for
existing drugs that could turn out to be of help in the fight
against SARS-CoV-2: while Ke et al. trained artificial intelli-
gence to skim through compound databases [23], Yang et al.
experimentally screened 252 molecules for potential inhibi-
tion of the feline infectious peritonitis (FIP) coronavirus and
the human coronavirus OC43 (HCoV-OC43) in a cell culture
model [13]. This led to the identification of 15 compounds
displaying activity against both viruses, and provided further
feedback and training material to the abovementioned ma-
chine learning platform, thus demonstrating the fertile syn-
ergy of in silico methods and benchwork.

News and perspectives

Open your COVID account

Despite its geographic proximity to the epicentre of the
COVID-19 outbreak and the significant amount of travel
transit, Taiwan has handled the outbreak exceptionally well
[30]. To date, the number of total cases amounts to only 481,
with 7 deaths.® By the end of April, the outbreak was already
nearly over in the country [31]. A swift response by the gov-
ernment, a well-thought-out organisation of good quality
medical facilities, contact tracing, and lessons learn from the
2003 SARS outbreak all contributed to the Taiwanese success,
all of them being outlined in a series of short articles in this
issue of the Biomedical Journal. In addition to the spotless
management of the crisis, the National Health Research
Institute (NHRI) set up a biobank for COVID-19 blood samples
in record time with the goal to help with the urgent need for
diagnosis and treatment tools, and to provide research ma-
terial for data mining in the long term. Huang et al. describe
the different features of the biobank project, including the
facilities, legal framework, and standard operation proced-
ures, as well as the possibilities provided by the available data
[32].

Outbreak 2.0

Digital tools have been proven of great use at many levels
during the COVID-19 pandemic: on the one hand, artificial
intelligence has been recruited to screen known molecules for

® https://www.sigmaaldrich.com/catalog/product/sigma/
smb00581?lang=en&region=DK.
8 https://www.worldometers.info/coronavirus/.
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inhibitory potential against SARS-CoV-2 [23], on the other,
phone applications and web interfaces have allowed for a
bidirectional information flow between authorities and pub-
lic. Taiwan's efficient containment of the crisis [31] partially
relied on screening checkpoints and a tight follow-up of a
patient's contact history through an epidemiological investi-
gation questionnaire. Indeed, contact tracing is a powerful
way to alleviate the strain on the health personnel in the early
stages of any novel highly transmissible infectious disease. On
these grounds, Chen et al. are in the process of developing an
online questionnaire for COVID-19 and other diseases termed
“e-Outbreak Platform”, allowing for individuals to enter all
types of relevant information, such as source of exposure,
contact history, and clinical features [33]. The authors briefly
describe the platform framework, including the user-friendly
graphic portal, flexibility of information input, compliance
with data security, and correcting algorithms, leading alto-
gether to the generation of knowledge graphs. Based on the
accumulated statistics, authorities would then be able to
quickly adjust counter-measures, individuals to avoid risk
zones, and scientists to use it for data-mining, leading to an
optimal exhaustion of shared information.

Karius, Bactus, and coronavirus

In 1949, the Norwegian playwright Thorbjgrn Egner published
the tale of “Karius and Bactus”, two minuscule creatures who
wreak havoc inside the teeth of a little boy that values syrup
over brushing his teeth. They have become since an iconic
pedagogical tool to teach children the value of proper dental
care.” In addition to avoid the vividly depicted martyrs of
toothache, it has recently become clear that the state of the
oral cavity is a rather reliable readout of overall health, both as
cause or consequence of systemic disease [34]. Indeed, path-
ogens that manage to establish themselves inside the mouth
can relatively easily gain access to the respiratory and diges-
tive system, as well as provide the organism with a contin-
uous production of inflammatory stimuli. Reciprocally, an
immune system weakened by infection displays higher
permissiveness to periodontal disease [35]. Given the overlap
between conditions known to increase the risk to develop
serious COVID-19 symptoms and diseases correlating with
poor oral health, Botros et al. argue that good mouth hygiene
can't certainly do any wrong, and might even add some pro-
tective benefit against SARS-CoV-2 infection severity [36].

Brief communication

Healthcare workers are fighting at all fronts against SARS-
CoV-2, battling not only the virus, but also work overload,
psychological pressure, and the highest risk for infection [37].
Yet another pillar of Taiwan's successful handling of the
COVID-19 crisis [31] has been the flawless organisation of
hospitals for efficient patient admission and stratification,
while keeping a zero-infection rate among the medical staff.
For illustration, Seak et al. describe the key strategies imple-
mented by the Linkou Chang Gung Memorial Hospital
(LCGMH), housing one of the largest emergency departments
worldwide. These comprise a clear flowchart for patient

7 https://en.wikipedia.org/wiki/Karius_and_Bactus.

triage, strict regulation of manpower and medical equipment,
spatiotemporal separation of well-trained teams, and robust
standard procedures [30].
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