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1 | INTRODUCTION

The specific nature of the vulnerabilities to COVID-19 are an intrinsic part of COVID-
19 infection in many patients. This paper proposes that vulnerabilities to COVID-19
may be intensified by a decrease in human serum albumin (HSA) as a ligand carrier
for nutrients. A mechanism for COVID-19 vulnerabilities is evident from consideration
of ligand carriers such as HSA as intermediaries. We hypothesise that low levels of
pool HSA binding, caused for whatever reason, affect the performance of albumin as
a carrier protein reducing the availability of nutrients. Hypoalbuminaemia (low HSA)
has been implicated as an indicator of COVID-19 and long-COVID-19. The levels
of HSA directly affect the immune system and vulnerabilities to age, diabetes and
obesity in COVID-19. Any slight reduction in available HSA has profound effects on
ligand concentrations in the small capillaries where damage occurs in COVID-19. The
clinical implication is that attempts should be made to return HSA to clinical levels to
compensate for the additional ligands caused by infection (SARS-CoV-2 virions, anti-
bodies and cellular breakdown products). Therapeutic albumin is usually given peri-
pherally, and usual preparations are unbound to ligands, but we suggest that a clinical
trial of HSA therapy via the hepatic portal vein should be considered.

KEYWORDS
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It is assumed that symptoms and mortality are always a direct result

of an increase in virions over time. Recently we described a multipart

There is now considerable evidence that there are vulnerabilities to
COVID-19 exhibited by defined at-risk groups. The vulnerabilities are
most severe in the over 50s (Islam et al., 2021), and obese patients
are at risk of severe disease (Ho et al., 2020; Huang et al., 2020b).
Considerable attention has been concentrated on the infection and
destruction of SARS-CoV-19 such that the question of why there are
these vulnerabilities has been largely overlooked. The assumption that
one cause (the virus) is the purveyor of all the systemic symptoms

following COVID-19 infection is inherent in almost all documentation.

© 2021 The Authors. Experimental Physiology © 2021 The Physiological Society.

model based upon peer reviewed material over the last 50 years which
results in a far more complex and accurate model of the systems
involved (Johnson et al., 2020). The main known factor affecting
vulnerabilities to COVID-19 is the availability of nutrient-bound ligand
carriers, but present methods of human serum albumin (HSA) therapy
are insufficient to prevent morbidity (Boada et al.,2019; Caraceniet al.,
2013). Furthermore, a recent paper by Xu et al. (2021, Kheir et al.,
2021) demonstrates that low serum albumin levels are a predictor
of COVID-19 vulnerability. They studied a cohort of 79 COVID-19
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patients combined with a review of electronic laboratory records. This
showed that hypoalbuminaemia was common in COVID-19 patients, as
has been demonstrated elsewhere (see Johnson et al., 2020 for review),
and called for ‘dynamic monitoring of serum albumin’ to be ‘performed
during COVID-19 patient treatments’: we concur with their viewpoint.

COVID infection usually begins with the lungs but in younger people
the infection is often asymptomatic or only localised. Complications
that cause what is known as long-COVID with symptoms lasting for
many months after the infection, or death, occur at a later stage
when other organs become infected until they reach a critical stage.
The systemic nature of COVID-19 (SARS-CoV2) when presented as a
serious condition indicates that the cause is mediated systemically with
infection in multiple organs and subsequent multiple organ failure (De
laRicaet al., 2020; Iwasaki et al., 2021).

Immediacy is always present in a clinical situation where a life-
threatening illness is involved. SARS-CoV2 has been defined as an
acute respiratory syndrome (Larsen et al., 2020) by the early symptoms
of the disease with efforts to maintain oxygen concentrations critical to
care. Low oxygen levels are only one aspect of respiration and in SARS-
CoV2 it is an indication of low lung performance due to damage. The
ventilation system of the lungs is intricately tied to the functionality
of the rest of the cardiovascular system and the flow of nutrients is a

function of blood flow and concentration.

2 | HYPOTHESIS

To summarise, HSA is the most abundant human plasma protein. It
is the primary transporter of nutrients, fatty acids and hormones in
the body and it maintains oncotic pressure. Given that HSA declines
with ageing (Figure 1), we hypothesise that this makes older people
more vulnerable to COVID-19 infection. If this hypothesis is correct,
treatment of COVID-19 symptoms with HSA therapy should be
considered, via an appropriate route of administration.

3 | LOW HSA MAY CAUSE THE CELLULAR STRESS
SEEN DURING THE SYSTEMIC ACUTE STAGE OF
CoVID-19

We recently argued that lack of pool HSA that circulates through the
endothelial and interstitial structures, bound to ligands, may be the
intermediary that leads to cell death and severe illness (Johnson &
Winlow, 2020). We demonstrated that the clinical symptoms of SARS-
CoV-2 infection occur at frequencies which depend upon available
nutrients and infection rates of individual organs within the body. We
divided the symptoms into localised and systemic and described the
progress of the symptoms of the disease by known molecular events.
Unlike the majority of research, which has been concentrated on
reducing the virus replication or provision of antibodies (Planas et al.,
2021) against variants (Salim et al., 2021), our focus has been on the
systemic mechanisms that cause increased morbidity and mortality.

This is a novel approach that assumes each infected site within an

* What is the topic of this review?
Human serum albumin (HSA) a common factor in
COVID-19 vulnerabilities.

* What advances does it highlight?
Understanding of HSA capacity, and systemic
vulnerabilities to COVID-19. Raising HSA in
COVID-19 patients may alleviate systemic injury
caused by diminished native HSA binding. A change
in fluid therapy administration into the portal
system of the liver is proposed to safely raise HSA

levels.

individual is capable of recovery if correct nutrients are present. The
implication is that it is the body’s lack of binding resources to contain
thevirus locally that allows the systemic spread of the virus particularly
in vulnerable individuals who are over 50, obese and with underlying

clinical conditions.

3.1 | Localised infections

An initial infection occurs locally on an organ system, most usually
the lungs. Initial spread may take place systemically with each sub-
sequent organ infected locally. Localised infections are susceptible
to both localised and systemic treatments - e.g., by topical sprays
(Horby et al., 2021), or by systemic antiviral drugs (Lee et al., 2020a).
Each localised infection is controlled according to nutrients and

environment. Localised infections lead to localised symptoms.

3.2 | Systemic infection

Nutrients and gases are dispersed throughout the body via all of the
systemic fluids. In our model these are primarily the blood (both plasma
and red blood cells), the lymph and importantly the interstitial fluids
surrounding the cells, all of which form the free body fluids. Our model
also includes the cerebrospinal fluid (CSF).

4 | AGE AND VULNERABILITY

What is rarely considered is that in all epidemics including COVID-
19 a large proportion of the population survive with little or no
long-term effect. The normal physiology of the healthy human body
is therefore well-adapted to survive COVID-19 and the norm is
for patients to recover. This is easily demonstrated by the survival

of young people. Vulnerabilities must therefore be the key to
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Illustrative profile match of albumin decrease with age and risk of COVID-19. Levels of albumin binding changes during ageing

making older males more vulnerable after 50 years and females after 65. Serum albumin levels of males (a) decrease with age earlier than those of
females (b) (derived from Weaving et al., 2016). SARS-CoV2 virions, antibodies, excess waste and factors from other illnesses reduce the tolerance
of unbound albumin further (c). When the number of ligands caused by COVID-19 (c) exceeds that of either the male HSA binding tolerance (a) or
the female HSA binding tolerance (b), the ability of HSA to transport nutrients is exhausted. The implication is that as SARS-CoV2 virions enter the
system they, and the consequential antibodies and other created ligands, block the natural ability of HSA to bind the correct nutrients causing
cellular stress and crisis in the systemic system affecting all organs, leading to excess death rates in both males and females asillustrated (curves
derived from data of Islam et al., 2021). Human figures designed by Tartila/Freepik

understanding the mechanisms behind long-COVID, and mortality in
COVID-19. Bats are a well-known host to coronaviruses, but they are
able to defend themselves (Irving et al., 2021) as is most of the human
population. Therefore, individual vulnerabilities are likely to indicate
the mechanisms that cause long-COVID-19, and COVID-19 mortality.

A feature of pandemics is their rates of vulnerability and mortality,
both related to vulnerabilities in a population, which in turn are formed
largely through individual physiologies where each individual has both
environmental and genetic variations. Each vulnerability has its own
level of harm as demonstrated in population statistics, and those of
COVID-19 are now well known (De Larochelambert et al., 2020).
Unusually COVID-19 affects the over 50s disproportionately, with
children and young adults less susceptible (Crimmins, 2020). The obese
are similarly affected (Tamara & Tahapary, 2020). These are common
points of reference which we will return to. Thus, COVID-19 does not
follow the age profile of previous epidemics like 1918 flu that affected
both young and old. A study of the system of nutrient transport led
to our previous paper (Johnson et al, 2020) where we discussed
HSA transport of nutrients that may affect the endothelial cellular

structures - especially of the small capillaries (Figure 2b).

5 | LOCAL PLASMA CIRCULATION

Often the circulatory system is considered a single system, but it
is better considered as not one circulatory system based on the
heart, but an integrated mechanism of many: the pulmonary cardiac

system - regulating gaseous supply; the intestinal-hepatic nutrient

system - regulating other nutrients; the renal system - waste removal;
etc. Thought of in those terms, each individual organ function has a
different locus: lungs - gas exchange, liver - nutrients, kidneys - waste,
etc. As plasma circulates, nutrients are removed changing relative pool
levels of nutrients. Previously (Johnson et al., 2020) we discussed HSA
in terms of its binding to SARS-CoV-2 at the sites of distribution.
Recently evidence has shown that hypoalbuminaemia (which we inter-
pret as whole-body reduction in active HSA not just that in the blood-
stream) can be used as a direct marker for prediction of vulnerabilities
in long-COVID and mortality confirming our hypothesis that hypo-
albuminaemia is implicated (Huang et al., 2020a; Kheir et al., 2021;
Viana-Llamas et al., 2021; Xu et al., 2021). In these papers the authors
suggest using hypoalbuminemia as a clinical marker for serious COVID-
19 infection.

6 | THE NUTRIENT CIRCULATORY SYSTEM AND
TRANSPORT-PROTEIN MAINTENANCE

Nutrients are provided to the body almost exclusively through the
intestines where they pass through the hepatic portal vein into the
liver. The hepatic portal vein (Okudaira, 1991) passes quite close
to the hepatic artery as it enters the capillary structures ensuring
a mixing of nutrient-rich blood and nutrient-poor blood, diluting
nutrients, moderating concentrations and binding HSA in the liver
to the necessary nutrients to supply the systemic system. It is in
the liver that a large proportion of nutrients can be stored in real

time to be used for controlled release by various mechanisms, for
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Illustration of direction of flow of nutrients from the gut and ligand exchange in the capillaries. (a) Circulatory system showing

direction and flow of nutrients from the intestine through the heart and lungs. Fluid therapy to the periphery of unbound HSA will flow to the heart
and then is concentrated in the lungs and may make many circulations before re-entering the liver . HSA entering the liver is charged with ligands
before circulating. Thus fresh, unbound HSA could be introduced into the hepatic portal vein using standard techniques as described in the
discussion. (b) At the capillary level, concentrations, and therefore delivery of ligands (FFA - free fatty acids), are determined by relative
concentrations across cells. Competition exists to maintain equilibrium and any outside element such as SARS-CoV2 will interfere with this
balance. (From Johnson et al., 2020 - reproduced under the Creative Commons Licence.) (a) modified from pikissuperstar freepik

example insulin modulation of glucose and glycogen. The liver also
produces and regulates the concentrations of many other nutrients in
the plasma including HSA (Lee et al., 2020b). Liver function tests have
recently revealed that 33% of COVID-19 patients suffer from hypo-
albuminaemia (Weber et al., 2021) and patients with acute liver injury
are known to suffer from acute hypoalbuminaemia (Signorini et al.,
2021). Thus, acute damage to the liver may have lethal consequences
following COVID-19 infection. From the liver, plasma rich nutrients,
modulated by the liver (Levitt, & Levitt, 2016), maintain relatively
stable concentrations of ligands, passing into the hepatic vein, vena
cava and heart where nutrients are further diluted. Importantly for our
research, nutrients then pass into the capillaries of the lungs before
continuing back to the heart and then on to the tissue capillaries.

In the tissue capillaries, nutrient concentrations change in the
plasma as it passes from arterial to venous as nutrients are absorbed.
Boden (2008) showed that levels of fatty acids in the plasma

corresponded to levels of fat in cells. The levels of nutrients in the
plasma and in the capillaries decrease according to relative usage in
adjacent cells. The HSA levels are set between the plasma and intra-
cellular levels. The level of passively transferred nutrients in tissue
corresponds to the relative level in the plasma in adjacent cells (Levitt
& Levitt, 2016). Nutrients that do not flow directly into cells pass into
the interstitial spaces between cells. The flow of plasma in interstitial
spaces is greatly reduced, for example causing the half-life of large
molecular structures like HSA to be 20 days (Moman et al., 2020). Large
molecules like HSA, the ‘sediment’ (Moman et al., 2020), travel more
slowly than the plasma, hence a half-life of 20 hours. HSA circulation is
thus separate from the fluid plasma. Interstitial fluid eventually passes
into the lymph, finally re-joining the venous flow to the heart via the
lymphatic ducts. The implication of the lungs being fed first is that any
large nutrient like HSA will remain in the lungs, where up to 80% may

remain in the interstitial fluid (Weaving et al., 2016).
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7 | PLASMA TRANSPORT AND MODULATION OF
LIGANDS

A large proportion of ligands carried in the blood are not in the
fluid plasma but become bound reversibly to each other and to large
ligands. HSA, prealbumin and gamma globulins are some of the ligand
carriers (Collins, 2001; Levitt, & Levitt, 2016; Moman et al., 2020).
However, HSA has by far the highest concentration and must be the
first candidate for examination.

The reversible nature of this binding is such that a large ligand
carrier molecule can carry many ligands. Ligands are carried therefore
in two separate mechanisms in the plasma: in the liquid portion and
bound to large ligand carriers such as HSA. Because many ligands like
glycolates are almost entirely bound to carrier proteins such as HSA,
ligands carried in the fluid are many times less concentrated than are

the protein-bound ligands. This has the following advantages.

1. Pervolume, plasma can carry a far greater concentration of ligands
than carried in just the fluid.

2. The relative oncotic pressure change produced from the ligand
binding maintains pressure.

3. There is a modulatory effect when ligand concentration diminishes
in the fluid portion in the capillaries; replacement of ligands auto-
matically follows from the ligand carriers, thus maintaining a
relatively stable concentration. For example if 10 times as many
ligands exist bound to a carrier as in the fluid, if all of the fluid
ligand is removed and the equilibrium restored, the concentration
will only have dropped by 1/10 of its value. Conversely a drop of
1/10 of the carrier protein will result in a drop in total of 1/10 of
total ligand concentration. This provides a buffer where the total
content of the ligand in plasma is related to the concentration of
ligand carriers. High ligand carrier concentrations have little effect,
but any loss results in an immediate fall in ligand availability: this
is most relevant to individuals whose HSA levels are close to the

physiological minimum.

Any change in the status of the ligand carrier will result in changes
in the plasma concentration of the ligand, affecting its mobility and in
consequence its actions at its destination. Many of these ligands have
homeostatic regulation of their own and form their own circulatory
systems, HSA, for example, binds with glucose. This is not a simple
system as multiple ligand carriers will have different affinities and
binding capacities for their respective ligands. For example, although
prealbumin only represents a tiny fraction of binding compared to HSA,
it may bind preferentially to some ligands, which may be critical. In the
case of COVID-19 we present evidence of how this transport system

functions in relation to HSA.

8 | HUMAN SERUM ALBUMIN

Age and sex variation of HSA concentration confirms that ‘The mean
population serum HSA concentration increases to peak at around age

20 years and then decreases with increasing age. Initially higher, values
infemales decrease more rapidly but become close to male values at 60
years’ (Weaving et al., 2016). HSA constitutes almost 50% of all protein
found in the blood. It is synthesised in the liver and has a half-life of
20 days in the plasma (Moman et al., 2020). Up to 80% of HSA is not
contained in the plasma but in a serum pool of free body fluids: the
lymph, interstitial fluids, CSF (Sudrez-Gonzalez et al., 2020), there is
a pool for the placenta, the testis and ovaries, everywhere there is a
barrier, where it feely circulates and mixes with the plasma with a half-
life of about 8 h (Levitt & Levitt, 2016). Hypoalbuminaemia can also
lead to hypertension via the immune system, which is dysregulated
in hypertension and SARS-CoV2 infection (Drummond et al.,
2019).

COVID-19 complications occur at the systemic stage of the
infection and then lead to the integral collapse of the endothelial
cellular structure leading to the more serious systemic symptoms and
death. We propose that this is caused by a similar system to that of
sepsis (Johnson et al., 2020; Roger, 2021; Stasi et al., 2021), but which
we have redefined more specifically for operational purposes as being
‘the symptoms caused by an inoperative systemic nutrient transport
system’. We provide evidence that the main cause of this is insufficient
unbound HSA. Although other proteins may be involved, 80% of all
ligands are carried in the blood on HSA (Moman et al., 2020). We have
identified areductionin active HSA as being the common point in sepsis

and in SARS-CoV-2 major systemic failure. In brief:

1. HSA is reduced by up to 33% in patients over 50 (De la Rica et al.,
2020; Ghahramani et al., 2020; Weaving et al., 2016; Weber et al.,
2021).

2. Low Serum HSA predicts severe COVID-19 (Huang et al., 2020a;
Kheir et al., 2021; Viana-Llamas et al., 2021; Xu et al., 2021) and can
be used as triage for serious illness (Viana-Llamas et al., 2021; Xu
etal, 2021).

3. Hypoalbuminaemia is also a known factor in sepsis, acute
respiratory distress syndrome (ARDS) and COVID (Roger, 2021;
Stasietal., 2021).

4. Eighty per cent of HSA resides in the pool of interstitial spaces
and lymph. It is the main provider of proteins forming the end-
othelial glycocalyx layer - the inherent stabiliser of endothelial
cell connectivity maintaining the structure and placement of end-
othelial cells (Johnson et al., 2020).

5. Any externally applied ligand may bind competitively to HSA
and displace the transport-nutrients necessary for the cell. These
include viruses like SARS-CoV-2 and antibodies, both of which
reduce binding capacity for other ligands as COVID-19 reaches
a critical point (Johnson et al., 2020). Levels of available binding
decrease upon increase in levels of free fatty acids (Boden, 2008)
- and the SARS-CoV-2 virions. Reduction in binding leads to sepsis.

6. Plasma HSA may also affect gaseous nutrients; for example, haem is
also transported on HSA along with units of oxygen (Ascenzi et al.,
2015).

7. Low serum HSA level predicts mortality in dialysis patients
(Mehrotraetal.,2011).
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Without knowledge of how drugs operate as ligands when trans-
ported, topically localised drugs may increase recovery time. However,
in HSA-compromised individuals, systemically applied drugs will
inevitably have greater effects on symptoms and mortality (Guzik et al.,
2020).

Levels of HSA in the free body fluids, including interstitial fluid
and the CSF, affect the concentrations of proteins within a localised
area. We suggest that the presence of SARS-COV-2 binding to HSA
displaces and reduces the ligands available for transport. This depletes
nutrients at their sites of requirement. This indicates that, since HSA is
the main transport mediator of the body, its relative concentration is a
part of the regulatory mechanism that defines cellular integrity (Apte,
2020). Transport of ligands by other sources such as gamma globulins
also acts in competition with HSA. However, HSA administered in
high doses has been examined for its therapeutic value in models of
some CNS diseases. In models of ischaemia (e.g., global, transient focal,
or permanent focal) or traumatic brain injury, administration of HSA

resulted in protection (LeVine, 2016).

8.1 | Other properties of HSA add evidence to the
hypothesis

It has been demonstrated that when more ligands are present after
injury, HSA concentration is increased (Ishida et al., 2014; Pérez-
Guisado et al., 2013). Indications in COVID-19 implicate degraded
liver function maintaining or reducing HSA levels (Crea et al., 2020;
Guzik et al., 2020; Paliogiannis et al., 2020). There is evidence that
declining HSA is associated with nutritional risk, physiology and system
inflammation (Almasaudi et al., 2020; Iba et al., 2020; lwasaki et al.,
2021) as well as rheumatic heart disease (Wei et al., 2017). Long-
term administration of human HSA improves survival in patients with
cirrhosis and refractory ascites (Di Pascoli et al., 2019) and hospital
mortality (Akirov et al., 2017).

It is important to note that HSA maintains the fluid balance in the
body and any condition that results in a decrease in plasma volume
will cause falsely elevated HSA levels (Ishida et al., 2014). The serum
HSA test only looks at the levels of HSA in a person’s blood, not in
the rest of the body fluids. HSA concentrations rise slowly during
nutritional therapy (refeeding) and in patients recovering from stress
(Caraceni et al., 2013). Changes in HSA can be acquired by at least 2-
3 weeks of nutritional intervention. Diseases such as COVID-19 cause
the liver cells to lose the ability to synthesize HSA (Guzik et al., 2020;
Paliogiannis et al., 2020).

In our hypothesis (Johnson et al., 2020), we proposed that the
serious symptoms of COVID-19 are caused by hypoalbuminaemia
(Gounden et al., 2020; Larsen et al., 2020). Maintenance of systemic
homeostasis of nutrients requires a certain level of HSA, which may
become saturated on addition of SARS-CoV-19 virions as well as sub-
sequent antibodies that bind to its structure. Thus, the concentration
in the blood plasma is only one representation of effective HSA,

because any other previous infection or illness that affects blood

concentrations of ligands bound to HSA will have moderating effects
on cell physiology, e.g., insulin, fatty acids, which increase in diabetes
(Boden, 2008), many antibiotics and other drugs. Furthermore, recent
infections will generate antibodies that will bind to HSA.

9 | DISCUSSION

Here, we have explained how HSA production and subsequent binding
to ligands is managed by the liver and explain the potential positive
effects of HSA therapy applied to the portal system. The evidence
we have presented suggests that COVID-19 presents initially as a
symptomatic respiratory disease, which then distributes systemically
causing organ failure. We have also demonstrated that organ failure
in COVID-19 is due to localised hypoalbuminaemia caused by
competition on HSA-binding sites by SARS-CoV-19 and the body’s
immune response. We have also shown how HSA binding capacity can
be influenced by the body’s own decrease in the over 50s: obesity by
the action of FFA competition for albumin. Other comorbidities, such as
organ damage, will change the equilibrium of bound ligands to carrier
proteins affecting the same systemic transport system. The nutrient
transport system of the human body is constructed so that only a very
minor quantity of nutrient will be transported in the fluid portion of
the plasma; almost all ligands are transported bound to ligand carriers
creating large buffers of competitive nutrient ligands in equilibrium
between the fluid and the ‘sediment’ containing ligand carriers. HSA is
by far the largest ligand carrier.

The circulation of HSA begins in the liver where nutrient supply
into the plasma is moderated. At this point HSA is pre-bound, and
in healthy subjects all ligands are in an equilibrium, which will trans-
port ligands to their sites of absorption, in the correct concentrations
for heathy cellular activity. HSA that leaves the liver is ‘loaded’
to its optimal extent with a variety of ligands representative of
the state of the liver and its supply (Figure 2a). As HSA passes
through the circulation and especially the small capillary and inter-
stitial spaces, the relative concentrations of ligands bound to HSA
change as the cellular structures acquire ligands. This will change
both current binding and oncotic pressure according to what nutrients
are released and waste binds to HSA and other carriers. Any slight
decrease in HSA concentration will produce a corresponding large
decrease in available ligands especially in the distal capillaries and
if HSA is near minimum. This will cause many of the blood markers
(Kim et al.,, 1999) for inflammation and autoimmunity (Lee et al.,
2020b) to change value as has been seen in COVID-19 (Thwaites
et al., 2021). These changing markers may be a signal of HSA binding
deficiency as SARS-CoV2 virions displace other ligands from binding
sites. Any foreign ligand or destabilisation of the HSA binding will
reduce the active level of HSA further as it is charged in the liver or
interacts throughout its circulation. When a SARS-CoV?2 virion binds
to HSA, this reduces the binding activity for other ligands, which
then have a corresponding drop in concentrations in the distal small

capillaries.
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10 | HSA THERAPY AND THE APPROPRIATE SITE
OF HSA ADMINISTRATION

Infection in COVID-19 is usually via the lungs, which contain a large
proportion of HSA; low HSA in the system will therefore preferentially
bind SARS-CoV2 virions. HSA remains in the body with a half-life of
20 days, much of it resident in the interstitial spaces from which it
moves slowly. The symptoms of long-COVID follow a similar pattern
expected from hypoalbuminaemia caused by SARS-CoV2 binding to
HSA, which remains in the interstitial spaces. One method of reducing
the risk of vulnerabilities to COVID-19 might be HSA therapy (Mani
Mishraet al., 2020; Mendez et al., 2005), but we need to know the most
appropriate site of administration as this is critical.

Currently HSA therapy is given into a peripheral vein that then
flows to the vena cava, heart and then lungs. HSA given in this
manner is effectively in an unnatural state as any binding of HSA is
unrepresentative of the ligand-HSA equilibrium formed on loading in
the liver. Any addition of HSA into a peripheral vein is preferentially
absorbed into the interstitial spaces of the lungs for the half-life of
HSA in the pool, about 20 h, before passing to the rest of the body,
concentrating the unbound albuminin one place. Of course, binding will
also occur between the administered HSA and ligands in competition
with other HSA already bound, but this will further distort the nutrients
delivered with potentially many days before re-equilibrium throughout
the systemic system; this problem is exacerbated with higher HSA
concentrations and a longer time period. On administration, the HSA
passes into the capillaries and is slowed in movement as it passes
into the interstitial spaces causing any new HSA to congregate in the
lungs. The equilibrium of the ligands bound to existing HSA in the
body changes to reflect the state of the new unbound HSA, reducing
the overall concentration of ligands in the plasma as described above.
For ARDS diseases like COVID-19 this is especially problematic when
the lungs are already inflamed and nutrients low. There is also a risk
that unbound HSA will preferentially bind to SARS-CoV2 virions in the
lungs and become systemic. A more appropriate site of administration
is therefore required.

Safely raising the levels of healthy bound HSA in plasma will
depend upon the site of administration and the form in which it is
given: whether it enters the liver to be charged by nutrient-ligands
or the lungs where it may cause damage. HSA to be given correctly
would require pre-ligand-binding at least representative of the ligand
equilibrium formed in the liver where binding takes place. The liver
is a highly evolved organ and its capacity for HSA synthesis and
moderation of correct nutrient ligands must not be underestimated; in
a functioning liver any amount of HSA should be preferentially bound
to the correct ligands. Ideally, then, HSA should be given into the
portal system via the hepatic portal vein or its tributaries (Okudaira,
1991) or the umbilical vein, which is accessible in most adults and
‘can be cannulated in a superficial position in the upper abdomen’
(Braastad et al., 1967). Other entry sites to the hepatic portal vein
exist via catheterisation through jugular, femoral or humeral veins
(Butzow & Novak, 1977; Lebrec, 1991). Giving HSA to the portal

system should therefore provide greater effectiveness and control
over administration of HSA for both oncotic pressure and ligand
binding, thus providing a more stable environment in which to raise
HSA. The evidence presented demonstrates that clinical trials should
be carried out to test this hypothesis as soon as possible with the aim
of reducing vulnerabilities to COVID-19.

11 | CONCLUSION

There is evidence to support the hypothesis that low binding of
nutrients in the HSA pool may be a contributor to severe COVID-
19 at the systemic stage. Raising the HSA binding in the pool level
causes complications by disturbing both the oncotic balance and also
the equilibrium of ligands bound to HSA carrier proteins. Thus, HSA
should be given bound to ligands or through the hepatic portal vein
and tributaries such as the umbilical vein at more than minimal levels.
Addition of HSA directly to the liver has the advantage that the
resultant albumin delivered to the systemic system will have been
bound to appropriate ligands. This process may help alleviate severe
COVID-19 symptoms. We call for detailed clinical studies of this
hypothesis.
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