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Abstract
A new epidemic caused by SARS-CoV-2 started in Wuhan, China in 2019 and affected
more than two million people around the world with high rate of mortality.
In this hypothetical article, a new prophylactic and therapeutic measure is suggested,
based on observations in previous studies during electron microscopic examination of
several members of the orthocoronavirinae subfamily, including the new virus
SARS-CoV-2. However, this measure needs to be confirmed experimentally before
consideration. Also, a preconditioning step against the cytokine storm of COVID-19 is
proposed. A new line of research is also proposed to find a broad spectrum antivirus
against several members of of this subfamily.
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Introduction
Coronaviridae is a family of single-stranded RNA viruses that have an envelope and
surface projections called spikes [1]. These viruses use the spikes to attach to host cells
during infection. Orthocoronavirinae and letovirinae are subfamilies of the coronaviridae
family [2]. Orthocoronavirinae is further divided into four genera named Alpha, Beta,
Delta and Gammacoronaviruses.

Glutaraldehyde is a dialdehyde commonly used in laboratory research as a
homobifunctional fixative [3]. It has the chemical formula C5H8O2 with two carbonyl
groups (one at each end). Formaldehyde is another aldehyde with only one carbonyl
group and is also used in chemical fixation and virus inactivation [4]. It has the chemical
formula CH2O and it can polymerize to form paraformaldehyde.
Observations
In one study, during electron microscopic examination of Vero E6 cells infected with
SARS-CoV (genus Betacoronavirus), Snijder et al. [5] reported that the viral spikes of
secreted extracellular virions were only visible in cryofixed samples but were rarely seen
in chemically fixed samples (with 1.5% glutaraldehyde). This effect of chemical fixation
was also observed in the extracellular virions of the transmissible gastroenteritis
coronavirus (genus Alphacoronavirus) [6] which affects newborn piglets (fixation with a
mixture of 2% glutaraldehyde and 2% tannic acid ). For the new virus SARS-CoV-2,
virus particles in the supernatant of infected cell cultures that were inactivated with 2%
paraformaldehyde also showed a degree of loss of viral spikes [7].

Interpretation
Since chemical fixation leads to the cessation of all biological processes inside cells
(including the secretion of new virions), this effect of chemical fixation most probably
results from direct chemical interaction between the fixative and the viral proteins (most
probably the spike protein). The fixatives appear to interact with the spike protein in such
a way that leads to its bending or separation from the virion. Also, since this effect is

evident in several members of the orthocoronavirinae subfamily, these fixatives appear to
interact with a conserved sequence of the spike protein in all those members.
The next questions to ask are, what is the nature of this interaction? and how can we
benefit from it? Several studies [8,9,10] reported that glutaraldehyde can interact to any
significant extent only with lysine amino acids on the surface of proteins. The carbonyl
group of glutaraldehyde reacts with the

-amino group of lysine side chain to form schiff

bases. Formaldehyde was also shown to form schiff bases during interaction with
proteins [11]. Schiff base reaction involves the formation of a carbon-nitrogen double
bond when the carbonyl group of an aldehyde or ketone reacts with a primary amine [12].
Since both fixatives form schiff bases during interaction with proteins, these bases are
most likely responsible for the loss of viral spikes in the mentioned studies [5,6,7]. The
formation of these bases may alter the conformation of the spike protein in a way that
leads to its separation from the virion or alternatively, leads to its bending. Supporting
this view, glutaraldehyde was shown to cause conformational changes in several soluble
and membrane proteins [10,13], through interaction with lysine residues via schiff base
reaction. Similarly, formaldehyde was also shown to induce protein conformational
changes [14,15]. Based on this, other short aldehydes and ketones that have carbonyl
groups capable of forming schiff bases with the spike protein could be speculated to have
the same effect. One such compound could be the ketone bodies. Similar to
glutaraldehyde and formaldehyde, ketone bodies can also alter the conformation of
proteins they react with, most probably via schiff base reaction [16].

Proposed measure: ketosis
There are three types of ketone bodies in the human blood [17]. These include
beta-hydroxybutyrate, acetoacetate and the least abundant one, acetone. They are
synthesized in the liver from fatty acids and released in the blood to act as a source of
energy when there is a shortage of carbohydrate supply to the body. Thus, the level of
ketone bodies increases in the plasma during periods of fasting and starvation. In fact,
there are observations strongly suggesting that acetoacetate can form schiff bases when
reacting with proteins and can alter their secondary structure [16], similar to the effect of
the mentioned fixatives. Hence, ketone bodies are expected to effectively react with the
viral spikes and break or bend them similar to the fixatives, however this needs to be
tested experimentally before consideration. If this could be confirmed, then the induction
of ketosis would have a therapeutics as well as a prophylactic potential. In infected
patients, the loss of viral spikes after virions secretion from infected cells can prevent the
spread of infection to other cells and tissues in the body. Also, virus particles in body
secretions will not be able to infect other persons, thus rendering the infected patients
noninfectious. In the uninfected persons, the presence of high titre of ketone bodies in the
blood can make them immune against infection. Overall, this may slowdown the rapid
spread of infection all over the world.
There are several ways to induce ketosis in the body, such as fasting, ketogenic diet and
ketone supplements. Fasting would represent the most economic solution. However, only
controlled and regulated intermittent fasting should be considered, which is long enough
to induce ketosis but not enough to weaken the immune system and the entire body.
Ketogenic diet is a diet that has a high-fat and low-carbohydrate content and has been

used regularly to treat children with refractory epilepsy and some congenital metabolic
disorders [18,19]. Medium-chain triacylglycerol (MCT) diet is an alternative diet that is
more ketogenic. However, both diets should only be consumed under the guidance of
physicians since such diets are not suitable for some people [18]. There are also some
ketone supplements to raise the level of ketone bodies in the blood such as ketone esters
and salts [20]. These should also be used under the guidance of physicians. Ketone body
infusion (especially acetoacetate) could also be considered in severe or terminal cases.
An important point to consider is that the ketone body titre in the blood should not rise to
the level of ketoacidosis. Aside from the harmful effects of ketoacidosis, the formation of
schiff bases with proteins decreases in acidic medium [11], which may in turn inhibit
viral spike loss and decrease the efficacy of the procedure.
Noteworthy, studies showed that fasting can have anti-inflammatory effects. For example,
several studies [21,22,23] reported that the levels of pro-inflammatory cytokines such as
interleukin 1β (IL-1β), IL-6, IL-8, IL-10, IL-16, IL-18, monocyte chemoattractant
protein-1 (MCP-1) and tumor necrosis factor α (TNFα) significantly decreased in the
plasma during fasting, many of which are involved in the cytokine storm associated with
COVID-19 [24]. Another study [25] reported the down-regulation of genes of several
cytokines in peripheral blood mononuclear cells during fasting. Thus, fasting could be
used also as a preconditioning procedure to lower the levels of cytokines in the body and
thus decrease the severity of the cytokine storm that may occur during possible
subsequent SARS-CoV-2 infection, and to decrease the rate of mortality associated with
this condition.

The consumption of ketogenic diets may also have some anti-inflammatory effects. For
instance, ketogenic diet was shown to inhibit the increase in the levels of IL‐1β and
TNFα in the plasma of rats during inflammation and also the increase in lymphocyte
counts [26]. Interestingly, ketogenic diet was shown also to increase a specific type of T
cells in the lungs of mice and to make them highly resistant to Influenza A virus infection
and disease [27]. There is also evidence of anti-inflammatory effects of ketogenic diet in
humans [28] (several pro-inflammatory cytokines are affected such as TNF-α,IL-6, IL-8
and MCP-1). Hence, ketogenic diet consumption may also be considered as a
preconditioning procedure against the cytokine storm of SARS-CoV-2 infection. A
mixture of both, fasting and ketogenic diet, may also be considered for preconditioning.

Future directions
There are several questions that need to be investigated. For example, what is the exact
nature of interaction between the fixatives and viral proteins? Does this interaction occur
outside cells only or also inside cells? What happens to the spikes? Are they lost or just
bent due to structural changes after the formation of schiff bases? Is schiff base reaction
solely responsible for this effect or is it a part of a sequence of reactions? Are there any
other reactions in addition to the schiff base reaction that may have caused this effect?
The effect of ketone bodies should also be examined using cryofixation. Finally, research
should be aimed to find or formulate compounds that can function like the fixatives
against corona viruses (broad spectrum antivirus). This could be needed if there are future
attacks by mutated or new members of this family.

Conclusion
- Schiff base reaction appears to break or bend the spikes of SARS-CoV-2.
- Only after experimental confirmation, ketone bodies - especially acetoacetate - could be
considered to provide immunity against SARS-CoV-2 (alternative to vaccination).
- Fasting and consumption of ketogenic diet may precondition the body to decrease the
severity of the cytokine storm if subsequent infection occurs.
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