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This issue of the Biomedical Journal acquaints us with the compelling hypothesis that the

vascular glycocalyx lies at the intersection of severe COVID-19 risk factors and damages,

and the ways used by artificial intelligence to predict interactions between SARS-CoV-2 and

human proteins. Furthermore, we explore the antiviral potential of valinomycin and the

long list of COVID-19-related clinical trials, and learn how (not) to fix a broken femoral

head. Last but not least, we get to enjoy the tale of the cellular oxygen-sensing system as

well as the role of the host complement system during Leptospira infection, and learn that

SARS-CoV-2 can sometimes come with a pathogenic plus one.
Rapidly, as reports on myocardial damage and kidney
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Don’t Sugar Coat the COVID (only the vasculature)

On September 27th, the COVID-19 pandemic crossed the

ominous threshold of one million deaths worldwide over the

last ten months, beating the other big bullies in the infectious

diseases field, such as HIV, malaria, influenza and cholera

combined.1 The extremely large spectrum of disease severity,

ranging from a fully asymptomatic course to multiple organ

failure, initially left both health professionals and scientists

struggling in the dark - just as much as the diversity of non-

specific symptoms and ensuing sequelae.
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failures started to accumulate [1], it became clear that the

havoc caused by SARS-CoV-2 was not restricted to the

respiratory tract, but affects numerous other organs.

These damages revealed themselves to be more tenacious

than expected from other influenza-like variants. Indeed,

many COVID-19 patients seem to experience a range of

disconcerting residual symptoms, ranging from fatigue

and shortness of breath to, most worryingly, cognitive

issues.2

While we still await reliable therapeutics and a safe vac-

cine, it is of utmost importance to determine which COVID-19

patients should be considered at high risk, and how to

recognise early signs of disease worsening in time. Advanced
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age was the first obvious risk factor emerging from the initial

statistics [2]. By now, it has become evident that a long list of

comorbidities increases mortality rates and the likelihood to

develop severe COVID-19. Figuring among these are a sub-

stantial number of conditions related to the cardiovascular

system - hypertension, diabetes, chronic obstructive pulmo-

nary disease (COPD), and acute coronary syndrome (ACS) e

rendering cardiovascular disease (CVD) the most common

comorbidity correlated with COVID-19 [3].

Reciprocally, the serious to lethal forms of COVID-19

comprise many syndromes involving defects of the blood

supply apparatus, such as acute respiratory disease syndrome

(ARDS), coagulation defects, sepsis, myocardial injury, and

heart failure.

In this featured review of this Biomedical Journal issue,

Minako Yamaoka-Toji points out that both the above-

mentioned COVID-19 risk factors and disease complications

share one crucial common denominator: the pathophysiology

of a damaged vascular endothelial glycocalyx [4].

This literal “sugar coat” is a dense, negatively charged,

gelatinous mesh of glycolipids and glycoproteins surrounding

the cell membrane of bacteria, epithelial, and many other

cells. On the shoulders of glycans lie a vast amount of vital

duties, starting with adhesion, cellecell communication, and

recognition of “self” versus intruders or renegade cells. In

addition, the molecular jungle serves as storage for enzymes

and signalling molecules, notably involved in cytoskeleton

regulation, cell migration, and proliferation.

Unsurprisingly, its roles in mechanotransduction and

growth factor storage confer the glycocalyx an essential role

in tumorigenesis and metastasis [5]. Moreover, cancer cells

frequently tend to camouflage themselves from the immune

system under a thick layer of sialic acid. Notably, Natural

Killer (NK) cytotoxicity is dampened by the binding of the

sugar to two Siglec receptors, but immunotherapy has

recently decided to strike back by targeting the latter [6].

As for the vascular epithelium, the luminal side of all

blood vessels is fully coated by a voluminous polysaccharide

layer, ensuring its impermeability and protection from me-

chanical stress caused by the blood flow. Countless signal-

ling factors, including chemokines and cytokines, nested in

the vascular glycocalyx regulate blood volume, angiogenesis,

coagulation, and inflammation [7]. This essential barrier is

all too easily disrupted by a profusion of stresses, such as

inflammation, hypoxia, hyperglycemia, or reactive oxygen

species (ROS), which trigger shedding of glycocalyx compo-

nents into the blood stream. The ensuing damage has

disastrous consequences in the form of disseminated intra-

vascular coagulation (DIC) and leakage into the extra-

vascular space, leading respectively to systemic thrombosis

and oedema, altogether culminating in multiple organ fail-

ure. Yet multiple conditions, like diabetes, infections, or

atherosclerosis, as well as mechanical trauma or burns

induce exactly these types of stress.

Here, Yamaoka-Toji convincingly argues that on the one

hand, SARS-CoV-2 infection-caused damages to the vascular

endothelial glycocalyx might account for many features of

critically ill COVID-19 patients, and on the other, that pre-

existing defects of the sugar coating due to comorbidities

facilitate infection and are exacerbated by the disease (Fig. 1).
As a matter of fact, the intimate relationship of the novel

coronavirus with the vascular system is strongly suggested by

its entry strategy, consisting in the binding of the viral spike

protein to the host angiotensin-converting enzyme 2 (ACE2),

present notably on vascular endothelial cells and several heart

cells. Along these lines, the author elaborates on possible ways

how SARS-CoV-2 could damage specifically vascular epithelial

and myocardial cells, and interfere with the functions of ACE2

and neighbouring complexes on the cellular surface, leading

among others to cardiac arrhythmia [4].

Conversely, an already impaired glycocalyx offers easier

access and dissemination possibilities for the virus,

rendering damaged vessels easier to infect. Besides this

being the consequence of many comorbidities, the author

speculates that it could also partially explain the bias to-

wards elderly and male subjects, as well as patients with

high ACE2 expression.

Be it cause or consequence of SARS-CoV-2 infection, the

damage of the vascular endothelial glycoclayx is either trig-

gered or aggravatedmainly by excessive inflammation. Severe

COVID-19 has been observed to be frequently paralleled by a

“cytokine storm”, similar to sepsis or Kawasaki disease shock

syndrome, and infiltration of the myocardium by mono-

nuclear cells [3]. Massive inflammatory cytokine and ROS

production activate sheddases that drastically reduce the

glycocalyx volume, causing vascular hyperpermeability and

its previously mentioned consequences.

Of note, an association of endothelial glycocalyx damage

and inflammation has been described for other infectious

diseases. Yamaoka-Toji notably quotes dengue fever and the

observation of DIC in victims of the previous coronavirus ep-

idemics SARS and MERS [4]. In addition, glycocalyx shedding

during ARDS caused by bacterial sepsis or influenza viruses

has been observed [8].

Helpful suggestions on how taking into account the vascular

glycocalyx intheCOVID-19contextarescattered throughout the

review. For instance, circulating glycocalyx components, like D-

dimers, could serve as early biomarkers alongside regular elec-

trocardiograms for disease worsening, and upon detection,

preventive treatment for coagulation should be undertaken.

Furthermore, validated therapeutic approaches from other

diseases affecting vascular endothelial cells could be repur-

posed for COVID-19 treatment, just as much as drugs directed

against known causes of glycocalyx damage, such as the anti-

hyperglycaemic “drug for everything”metformin [9].
Spotlight on original articles

It's a match!

Pathogens know no borders, as proven by SARS-CoV-2

spreading over the entire planet in no time, but neither does

scientific progress. Over the past half century, the boundaries

between the different fields of Science have gradually eroded,

giving rise at their interfaces to new fusion domains, such as

biophysics. Moreover, completely new fields emerged - the

prime example being informatics, which has by now become

an indispensable component of data analysis for any scientific

discipline, especially with the democratisation of high-

https://doi.org/10.1016/j.bj.2020.10.003
https://doi.org/10.1016/j.bj.2020.10.003


Fig. 1 The glycocalyx at the intersection of risk factors and damage caused by severe COVID-19. The vascular endothelial

glycocalyx ensures vascular impermeability, protection of the endothelium, and the homeostasis of many processes, including

coagulation. Damage to the glycocalyx through comorbidities prior to infection by SARS-CoV-2 could increase the infection risk

and be exacerbated by damage caused either directly by the virus or induced via excessive inflammation. The ensuing loss of

blood vessel integrity can lead to oedema and thrombosis formation, ultimately causing irreversible organ damage.
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throughput sequencing techniques and the analysis of all

kinds of eomics.

As a consequence, research teams with original names like

Aleatory Science Group sprouted, proudly announcing that “The

Future Is Uncertain” on their homepage.3 Ironically though, the

process generated new communication barriers, as the com-

mon mortal is rapidly lost in “random forests”, “hyperplanes”,

or “gradient boosted decision trees”. Those are the jargon of the

latest buzzword sparking science-fiction worthy hopes and

fears:machine learning. The basic idea behind the concept is to

train an algorithm on a large dataset to recognise specific fea-

tures and to identify them subsequently in another, unknown

dataset. However, this is pretty much where the explanatory

power of common language comes to an end, because theways

of code are pretty much impenetrable, notably due to the fact

that e not unlike evolution of organic creatures e they don't
proceed in a way that would seem logic to the humanmind, as
3 https://aleatory.science/.
4 https://www.youtube.com/watch?

v¼aircAruvnKk&list¼PLZHQObOWTQDNU6R1_67000Dx_ZCJB-
3pi.
the mathematician Grant Sanderson explains in his highly

recommendable (and surprisingly understandable) videos.4

COVID-19 has been, if one can say so, the correct timing to

supply the artificial intelligence field with a concrete training

ground. In the introduction to their own study highlighted in

this issue, Dey et al. provide several examples of the applica-

tion of machine learning for diagnosis and treatment design,

including the classification of medical images, vaccine

candidate prediction, and the search for drug candidates [10].

For that matter, the special issue of the Biomedical Journal has

previously featured additional examples of neural network-

based screens mining for known drugs and molecules that

could be repurposed [11,12], and molecular docking simula-

tions for inhibitors of SARS-CoV-2 [13]. At the edge of the

technologically possible is a voice-analysis company that

already developed a smartphone application apparently able

to detect acute episode of chronic obstructive pulmonary

disease.5
5 https://www.nature.com/articles/d41586-020-02732-4?utm_
source¼NatureþBriefing&utm_campaign¼2acca733e7-briefing-
dy-20200930&utm_medium¼email&utm_term¼0_c9dfd39373-
2acca733e7-44226293.
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Here, Dey et al. set out to predict potential interactions

between the human proteome and SARS-CoV-2 viral proteins

[10].

Indeed, one of the first cornerstones in decoding the SARS-

CoV-2 attack strategy was the confirmation of the binding

between the viral spike protein (SP) to the host angiotensin-

converting enzyme 2 (ACE2), present on alveolar epithelial

cells,macrophages, vascular endothelial cells, andmyocardial

cells, similar to SARS-CoV [14,15]. This interaction provided

both information on the primary target organs and possible

ways to inhibit the virus [16]. As it turns out, it is not exclusive

e in silicomodelling predicted the ability of the spike protein to

bind to the Neuropilin-1 (NRP-1) receptor, involved in axonal

growth and angiogenesis, instead of the vascular endothelial

growth factor (VEGF-A) [17]. Follow-up studies speculated that

this could explain the observed neurologic features and cen-

tral nervous system involvement of COVID-19 by facilitating

the access of SARS-CoV-2 to the brain via the olfactory

epithelium [18], and the frequent absence of symptoms in

infected subjects by inducing analgesia [19]. Another recent

preprint claims that the Kidney Injury Molecule-1/T cell

immunoglobulin mucin domain 1 (KIM-1/TIM-1) expressed in

lung and kidney epithelial cells could function as an alterna-

tive receptor for SARS-CoV-2 [20].

Without doubt, the current list of proteineprotein in-

teractions (PPI) between SARS-CoV-2 and the human host is

far from complete yet. The Human Immunodeficiency Virus 1

(HIV-1) for instance has about 1000 direct proteineprotein

interactions with the human proteome [10].

In order to capture the maximal amount of potential con-

tacts, Dey et al. compare human and viral proteins using three

different approaches to describe a peptide: the brute amino

acid composition, the pseudo amino acid composition e

which integrates information on sequence order [21], and

conjoint triad features, which encodes protein sequences

using the frequency distribution of three consecutive amino

acids [22]. The protein interactome layman might be initially

puzzled by the fact that none of these methods resorts to

three-dimensional peptide models, however such an

approach would massively increase the required computing

power, and sequence only-based strategies have been proven

remarkably efficient in the prediction of proteineprotein and

protein-RNA interactions, as well as of nuclear receptors [23].

Similarly, the authors employ and compare five of the most

popularmachine learning algorithms.Without doubt aware of

the arcane nature of their field, they take great care to detail

the modus operandi of each algorithm used in the study, and

the choice of positive and negative control datasets.

After some optimisation regarding the required amount of

significant features and the classification accuracy, a total of

3603 potential protein interactions with a probability of over

70% is predicted.

Subsequently, the authors examine the gene ontology (GO)

term enrichment of the candidate list, in order to verify the

likelihood of the hypothesised interactions to occur. The sub-

cellular localisations comprise both nucleus and cytoplasm, as

expected. As for the predominantmolecular functions, they are

mainly energy-, cell cycle-, and cell adhesion-related, fitting

previous reports and the typical interference of intracellular

pathogens with the host metabolism. In addition, relevant
pathways are analysed using the Kyoto Encyclopedia of Genes

and Genomes (KEGG) and pointed towards the proteasome and

endocytosis, both known to be hijacked by viruses. Further

corroboration for the hits to represent realistic candidates

stems froma substantial overlapwith interactions between the

human proteome and other human RNA viruses.

Finally, the authors run their dataset against known drugs,

in the above described attempt to repurpose some of them for

COVID-19 treatment. The identification 30 targets among the

human proteins for which FDA-approved drugs exist con-

cludes the extensive tour of possibilities created by artificial

intelligence.
Also in this issue
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Send in the Kþ

As we have passed the one million casualties due to the

ongoing COVID-19 pandemic, there is considerable pressure

to track down an efficient treatment against SARS-CoV-2, and

probably similar viruses, given the worrying increase in fre-

quency of threatening coronaviruses over the past two de-

cades. The safest and fastest route to an efficient therapy

relies on the repurposing of already known and studied

compounds [12]. With this intent, Zhang et al. plead the case

of valinomycin, a fungal potassium ion transporter [24].

Despite being still categorised as an extremely hazardous

substance in the United States, this ion channel has been

recently coveted for applications ranging from anti-malarial

[25] to DNA logic gates in molecular robots [26], and ranked

first in a screen for small molecules targeting SARS-CoV [27].

In their review, the authors exhaustively compile existing

experimental evidence for valinomycin's antiviral activity

against a long list of viruses, including human coronaviruses,

specifying for each case the required doses, and the likely

mechanism of action. Overall, the data points indeed towards

a compelling potential as a broad-spectrum antiviral agent for

valinomycin.

Trials and tribulations
According to the latest headlines, a number of ongoing

coronavirus-vaccine trials may report “game-changing” re-

sults next months, including the current top vaccine candi-

date in development by the University of Oxford and the

pharmaceutical company AstraZeneca.6

Worldwide, public and private scientific organisms are

concentrating their effort and resources into the search for an

efficient treatment of COVID-19, as well as for a vaccine

against SARS-CoV-2. Updates regarding various trials make

the news on a daily basis, but keeping track of hundreds of

programmes at different stages gets more and more compli-

cated. Here, Verma et al. have created a comprehensive list of

60 clinical trials and their main characteristics by the World
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Health Organisation (WHO) and European institutes [28]. In

addition, on the current background of intensifying fears of

political meddling with the approval of vaccines and thera-

pies, the authors rightfully appeal to the strict respect of

universal safety guidelines.

Original articles

Break a leg!
Although the idiom means “good luck”, it should better not

happen the at any bone extremity. The femoral head corre-

sponds to the half-spherical upper femur part forming the hip

articulation together with the pelvis. Fractures of this bone

typically occur in young subjects as a consequence of car or

motorcycle accidents, and through falls in the elderly, in as-

sociation with hip dislocations. Depending on the severity of

the fracture, treatments consists either in closed reduction of

the hip or surgery by fixationwith screws.While healing of the

fracture is usually achieved, ensuing complications are

frequent, including bone death following damage to the sur-

rounding blood vessels, cartilage deterioration, or excessive

ossification [29]. Peng et al. performed a retrospective study on

35 patients having received surgical treatment [30]. Although

healing of the fracture was observed in all patients, the rate of

above-mentioned complications was indeed high and

prompts the authors to call for therapeutic improvement

measures.

News and perspectives

Life is in the air
In September 2020, astronomers reported the apparent

presence of phosphine gas in Venus's atmosphere, which

does not fit any currently known abiotic production route

under the given conditions. However, biological production

is only one of several possible explanations and eager claims

of alien life should be taken with a big pinch of salt [31]. Back

down to Earth, it is time to remember one of the molecules

essential to most life e oxygen. Lee et al. dedicate their

editorial note to the three scientists who unravelled the

cellular oxygen-sensing mechanism, earning them the 2019

Nobel Prize in Physiology or Medicine [32]. They acquaint the

reader with the fascinating system of cellular oxygen level

gauging via the hypoxia-inducible factor (HIF), historical

milestones of its discovery, as well as the implication in

numerous diseases.

Letter to editor

Complementary complement
The ongoing COVID-19 pandemic is one massive reminder of

the tremendous threat posed by zoonotic diseases, infections

transmitted from animal hosts to humans. Their number is on

a steady rise, due to climate change, increasing word popu-

lation and mobility, as well as animal farming and trade [33].

Coronaviruses in particular are present worldwide in a large

range of animal species, resistant to many conditions, and

characterised by a highmutation and recombination rate [34].

This year's first issue of the Biomedical Journal featured an

exhaustive review by Sun et al. about another tenacious
zoonotic pathogen, the bacterium Leptospira, and its ability to

rapidly invade the entire host organism, evade the immune

system, and cause systemic inflammation [35,36]. In this re-

gard, Johnson et al. here provide some additional ideas

regarding the susceptibility of the host complement system to

Leptospira virulence factors. The authors briefly outline three

strategies the bacterium uses to circumvent the complement

apparatus, by either opposing its activation, redirecting it into

non-specific systemic inflammation, or via the targeted

destruction of complement proteins with proteases [37].

Brief communication

Two for one
The incidence of COVID-19 cases has been on the rise again in

many countries,7 however other factors than SARS-CoV-2 are

likely to influence the numbers. Notably, it is the start of flu

season in many parts of the Northern hemisphere, boosting

the request for testing, while tropical and sub-tropical regions

experience annual outbreaks of respiratory infections such as

dengue or chikungunya. Indeed, the diagnosis of COVID-19 is

hampered by awide variety of presentations that overlapwith

other common viral infections, such as fever, cough, and

diarrhoea. Into the bargain, simultaneous infectionwith other

pathogens leading to similar symptoms is quite possible and

susceptible to influence the disease outcomes [38]. By way of

illustration, Huang et al. from the Chang Gung Memorial

Hospital in Taiwan describe here the case of an elderly COVID-

19 patient presenting a co-infection with Mycoplasma pneu-

moniae that recovered after treatment [39].
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