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ARTICLE INFO ABSTRACT

Keywords: Coronavirus disease 2019 (COVID-19), which is a respiratory illness associated with high mortality, has been
COVID-19 classified as a pandemic. The major obstacles for the clinicians to contain the disease are limited information
Coronavirus

availability, difficulty in disease diagnosis, predicting disease prognosis, and lack of disease monitoring tools.

L Additionally, the lack of valid therapies has further contributed to the difficulties in containing the pandemic.
Antiviral therapy . . . . . ..
Antiviral response Recent studies have reported that the dysregulation of the immune system leads to an ineffective antiviral
ARDS response and promotes pathological immune response, which manifests as ARDS, myocarditis, and hepatitis. In
this study, a novel platform has been described for disseminating information to physicians for the diagnosis and
monitoring of patients with COVID-19. An adjuvant approach using compounds that can potentiate antiviral
immune response and mitigate COVID-19-induced immune-mediated target organ damage has been presented. A
prolonged beneficial effect is achieved by implementing algorithm-based individualized variability measures in
the treatment regimen.

Digital health

1. Introduction

Coronavirus (CoV) disease (COVID-19) is a respiratory illness asso-
ciated with a high mortality rate in some populations. The major ob-
stacles for the clinicians to contain this pandemic are the lack of reliable
information, limitations of diagnosis, and accurate prediction of disease

of infection-limiting strategies has been delayed. In this study, a novel
platform has been described for disseminating information on the dis-
ease to aid the diagnosis and monitoring of patients with COVID-19. An
adjuvant approach using compounds that can potentiate the antiviral
immune response and mitigate the COVID-19-associated immune-
mediated target organ damage has also been described.

prognosis. Additionally, the lack of therapies for this disease and high
infectivity have contributed to severe outbreaks worldwide, especially
in regions with an elderly population or those where the implementation
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1.1. COVID-19: major problems in developing therapies

Globally, RNA viruses, which are a major threat to human health,
infect hundreds of millions of individuals and cause millions of deaths
annually. An outbreak of CoV infection that causes respiratory illness
was reported in Wuhan, Hubei, China in 2019, a disease that is termed
COVID-19 [1-3]. COVID-19 was declared a pandemic in January 2020
[4,5]. The estimated case fatality ratio among medically attended pa-
tients is approximately 2% [6]. The mean reproduction number (Ro) of
the virus is estimated to range from 2.24 (1.96-2.55) to 3.58 (2.89-4.39) and the reporting
rate has increased 2-8-fold [7]. Current estimates indicate that severe acute
respiratory syndrome-CoV-2 (SARS-CoV-2) has a median incubation
period of 3 days (range: 0-24 days) with potential asymptomatic
transmission [8].

The clinical manifestation of COVID-19 varies from simple respira-
tory tract infection to septic shock with acute respiratory distress syn-
drome (ARDS)-like characteristics. The most common symptoms of
COVID-19 include fever, cough, and shortness of breath [9]. Real-time
polymerase chain reaction (RT-PCR) is used to detect the etiological
agent of acute respiratory infections. The diagnosis of patients with
COVID-19 is challenging for the healthcare system. The accurate diag-
nosis of COVID-19 aids in containing and preventing the spread of this
epidemic. A study reported that the SARS-CoV-2 testing capacity of most
European Union (EU) laboratories was 8275 RT-PCR tests per week
[10].

Various studies have reported that both humoral and cell-mediated
immune responses protect against COVID-19. Most data on the devel-
opment of treatment and vaccination strategies for COVID-19 were
derived from studies on two related coronaviruses (SARS-CoV and
Middle East respiratory syndrome-coronavirus (MERS-CoV)). COVID-19
is phylogenetically related to SARS-CoV. Compared with SARS-CoV,
COVID-19-CoV binds to the same host receptor with a lower affinity
[11]. Previous studies have reported that the antibody response elicited
against the S protein of SARS-CoV protected from the mouse models
against the infection [12,13]. However, the antibody response was
short-lived in patients with SARS-CoV [14]. In contrast, T cell response
is reported to offer long-term protection. Hence, there is increased in-
terest in developing T cell-modulating prospective drugs and vaccines
against SARS [15]. Currently, there are no safe and reliable vaccines or a
combination of vaccines to protect against SARS-CoV and MERS-CoV
[16].

To contain the COVID-19 pandemic, there is a need to develop a
rapid and easily available diagnostic and screening tool [17]. Currently,
the virus is detected using RT-PCR, which has varying diagnostic accu-
racies depending on the kits [18]. To increase the accuracy of diagnostic
tests, the samples must be collected from both the upper and lower
respiratory tracts [19]. In contrast to other strains of CoVs, SARS-CoV-2
cannot be detected in the blood, urine, or fecal specimens [20].

The initial indications for COVID-19 testing were based on clinical
and epidemiological criteria. However, these parameters were not effi-
cient as asymptomatic patients could spread the virus to their close
contacts and infected cases without known contacts have been reported
[21]. Hence, drive-through centers for mass screening of the population
was implemented [22].

Most patients with COVID-19 develop a mild illness. Hence, there is a
need to identify patients who will develop severe disease. There are no
known biomarkers to predict the disease progression [23-25]. Patients
susceptible to severe forms of COVID-19 are associated with comor-
bidities, including diabetes, hypertension, and cardiovascular disease
[26].

There are no specific treatment strategies for COVID-19, especially
for symptomatic cases [27]. Currently, various in vitro, in vivo, and
clinical studies are examining potential therapeutic agents against
SARS-CoV and MERS-CoV. Interferon-beta (IFN) was reported to be the
most potent for reducing MERS-CoV replication in vitro [9]. Addition-
ally, in vitro studies have demonstrated that viral RNA replication and
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transmission are disrupted upon treatment with the adenosine analog
Remdesivir [28,29]. Recent studies examining the pathogenesis of the
disease have challenged the efficacy of currently employed therapeutic
options [30,31].

1.2. Digital platform for disseminating information to health care
providers for determining disease risk and severity and monitoring disease
progression

To contain the COVID-19 pandemic, there is a need for digital
technologies to disseminate information and access remote care [32,33].
An adaptive learning technology (Area9 Lyceum Aps part of Area9
Group), which included an educational module on the COVID-19
pandemic, was developed using the AACC Learning Lab for Laboratory
Medicine on NEJM Knowledge [34]. The module on the underlying
Rhapsode™ platform is an open-source tool and presents learners with
the latest factual information on SARS-CoV-2 and COVID-19. Addi-
tionally, the platform contains authoritative references to the World
Health Organization and other data sources. The topics presented
include the origins, transmission mode, symptoms, complications,
diagnosis, and prevention of COVID-19. Based on the adaptive learning
model, the completion of the module ensures competency in the mate-
rial and the time for completion of the module varies depending on each
learner adapting to their existing strengths and weaknesses.

Altus Care (a product of Area9 Innovation Aps part of Area9 Group)
allows easy digitization of treatment plans or research protocols and
remote implementation of these plans. The physicians or healthcare
team do not need to physically attend patients and can monitor any
disease remotely with this platform. This platform can be used to
simultaneously treat multiple patients. The Altus Care platform has been
combined with several treatment algorithms.

An algorithm approach is being developed to randomly select in-
dividuals for testing and subsequently to identify patients at risk of
developing severe infection. Additionally, the platform can be poten-
tially used for risk stratification of patients and identification of patients
who are at risk to develop the severe form of the disease. A closed-loop
system is being established that does not require on-line supervision but
enables intervention when needed. This system is expected to enable the
selection of high-risk populations for testing and careful monitoring,
which contributes to the efficient utilization of the healthcare system
resources.

1.3. Role of the cellular and humoral immune systems in COVID-19

CoVs, which contain a positive-sense RNA, have the largest RNA
genome among all viruses [35]. The replication of CoVs is mediated by
the attachment of the viral spike protein to the host cell receptors, which
subsequently results in the release of the viral genome into the cell [36].

COVID-19 shares characteristics with other CoVs, which assist in
immune evasion and survival. Additionally, viral infection leads to im-
mune dysregulation with the immune-mediated injury manifesting as
ARDS, myocarditis, and hepatitis. Other manifestations have also been
attributed to immune activity.

Innate immune cells must recognize viral invasion through
pathogen-associated molecular patterns (PAMPs) to mount an effective
antiviral response. PAMPs, such as viral genomic RNA or the in-
termediates of viral replication, including double-stranded RNA
(dsRNA), are recognized by endosomal RNA receptors (toll-like receptor
(TLR)3 or TLR7) or cytosolic RNA sensor (RIG-I/MDA5) during CoV
infection. This leads to the activation of the downstream signaling cas-
cades, especially NF-xB and IRF3, and the nuclear translocation of
downstream signaling molecules. The translocated signaling molecules
promote the expression of type I IFNs and other proinflammatory cy-
tokines, which comprise the antiviral defense at the entry site [37,38].
Type I IFN receptor (IFNR) activates the signal transduction through the
activation of the JAK-STAT pathway via signal transducer and activator of
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transcription (STAT)1 and STAT2. This complex along with interferon reg-
ulatory factor 9 (IRF9) is translocated to the nucleus to initiate the tran-
scription of IFN-stimulated genes, which suppress viral replication and
dissemination [38]. Innate immunity may also share antibody-like
characteristics with mannose-binding lectins, which function as
pattern recognition molecules (PRMs) against SARS [39]. T cell-secreted
cytokines, especially interleukin (IL)-12, promotes IFN secretion. Thus,
IFN is the link between the innate and adaptive immune responses [40,
41].

The infection rate and disease severity among pediatric patients are
lower than those among adults [42]. There are no reported severe cases
of COVID-19 among young children, who have an effective innate im-
mune response. This indicates that the innate immune response is a
critical factor that determines the disease outcome [37,40]. Consis-
tently, children have a low threshold for the induction of IFN-y
secretion by the NK cells [43]. The robust secretion of IFN-y mediates
an effective innate antiviral response. The downstream cascade of IFN-y
is associated with the regulation of viral replication and the induction of
an effective adaptive immune response [44]. Thus, the immune response
against the virus is rapid during the incubation period in children, which
inhibits viral replication and decreases the viral titers [45].

In adaptive immunity, the Th1l type immune response is critical for
clearing the viral infection. The cytokine microenvironment generated
by the antigen-presenting cells (APCs) determines the T cell responses.
Helper T (Th) cells mediate the overall adaptive response, while cyto-
toxic T cells (CTLs) eliminate the virus-infected cells. The immune
response, especially the production of neutralizing antibodies, has a
protective role by limiting the infection at the later phase and preventing
re-infection [37]. Recent studies have demonstrated that the Thl type
response is critical to control SARS-CoV and MERS-CoV infections and
that it may have a similar role in controlling SARS-CoV-2.

The serum levels of IL-6 and C-reactive protein were upregulated in
52% and 84% of patients with COVID-19, respectively [46]. Increased
total neutrophils and decreased total lymphocytes are correlated with
disease severity and death [1]. Patients needing intensive care unit
(ICU) exhibited higher plasma levels of innate cytokines, such as IP-10,
MCP-1, MIP-1A, and TNFa.2, which further supported the role of
proinflammatory cytokines in disease progression and severity [1,37].

One study reported that of the 452 patients with COVID-19, 286 who
were diagnosed with severe infection exhibited low lymphocyte counts
and percentages of monocytes, eosinophils, and basophils, high leuko-
cyte counts and neutrophil-lymphocyte ratio (NLR), and upregulated
levels of infection-related biomarkers and inflammatory cytokines [47].
In addition to lymphopenia, some studies have reported that patients
with COVID-19 exhibit leukopenia [48]. The decreased numbers of T
cells, Th cells, and suppressor T cells were correlated with disease
severity. In severe cases, the percentage of naive Th cells increased,
while that of memory Th cells decreased. Additionally, the decreased
numbers of regulatory T cells (Tregs) are correlated with disease severity
[47].

In severe COVID-19 cases, the serum inflammatory biomarkers were
downregulated with the absence of CD4+, CD8+, and Treg cells in the
peripheral blood, especially Treg cells [37,49]. The T cell phenotypes in
convalescent patients indicated a CD4+ and CD8+ response with highly
active cells that can robustly secrete inflammatory cytokines and exert
cytotoxic effects [37,50]. The number and functions of T cells were
downregulated in patients with COVID-19, especially among elderly
patients and patients requiring ICU [51].

These findings on the changes in the immune response to COVID-19
support the current observations and indicate that CoVs are adapted to
evade immune detection and suppress the antiviral immune response
[52]. This explains the long incubation period of CoVs when compared
with that of influenza (2-11 days on average) [53]. CoVs interfere with
multiple steps during the initial innate immune response, including RNA
sensing, type I IFN production [54] and STAT1/2 activation downstream
of IFNR [55] as evidenced by suppressive markers. This delayed type I
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IFN response inhibits adaptive immune activation [56]. Prolonged viral
persistence exacerbates inflammatory responses, which may lead to
immune exhaustion and immune suppression as feedback regulatory
mechanisms. A biased Th2 type response also favors a poor outcome of
the disease.

In patients infected with SARS-CoV and MERS-CoV, type I IFN-
mediated immune responses are suppressed, which results in increased
mortality [57]. The increased influx of inflammatory cells is associated
with fatal pneumonia [40,56]. Genomic analysis has revealed that CoV
infection can trigger the IFN signaling pathway [58]. CoVs evade the
immune response by inhibiting the IFN signaling pathway [59] and
enclosing their dsRNA in vesicles, which leads to decreased IFN induc-
tion [59]. Active viral replication results in the activation of type I IFN
and the influx of neutrophils and macrophages, which promote the
secretion of proinflammatory cytokines [37,60].

The upregulated cytokine production at the advanced disease stages
and neutrophil influx result in ARDS, which is characterized by pul-
monary infiltrates and moderate to severe hypoxemia [61]. Studies
examining the ARDS phases have revealed an initial inflammatory
infiltrate and alveolar exudate, which results in the gradual replacement
of the pulmonary tissue with scar tissue and hyaline membranes [62,
63].

Immune dysregulation during the progression of ARDS may be
similar to that during the pathogenesis of sepsis and septic shock [64,
65]. The inefficient immunomodulation in patients with ARDS can be
attributed to the network of cells and cytokines involved in ARDS
pathogenesis and various insults involved in the etiology of ARDS [66].

NK and NKT cells (NK T cells) cells are involved in the early patho-
genesis of ARDS and tissue injury associated with viral infections
[67-70]. NK cells account for approximately 10% of the total resident
lymphocytes in the lungs [71]. Viral infection promotes the robust
activation of NK cells [72]. The activation of NK cells has been
well-studied in patients with pulmonary influenza infection. In the
influenza virus-infected lungs, NK cells augment CTL activation and
secrete inflammatory cytokines [73]. The mild pulmonary infection in
most patients with influenza can be attributed to NK cell-mediated viral
clearance. NK cells may also contribute to the dysregulated immune
response in patients progressing to severe pulmonary infection and
ARDS [73,74]. ARDS is also characterized by enhanced levels of in-
flammatory cytokines, which is partially attributed to the cytokine
secretion by the NK cells. The levels of cytokine determine the pro-
gression to pneumonia or ARDS [75]. The cytotoxic activity of NK cells
in influenza-infected explants has been demonstrated against lung
macrophages. Lung macrophages mediate NK-driven inflammatory
response, a process terms as "pulling the stops" during lung inflamma-
tion in ARDS [73,76]. Further evidence of severe immune dysregulation
in COVID-19 disease is observed in the secondary hemophagocytic
lymphohistiocytosis (HLH)-like “cytokine storm” manifested in the most
critically ill patients [77]. The activated NKT cells can reduce the ac-
tivity of Tregs in ARDS models [78]. [79,80]. NKT cells are critical for
influenza infection clearance [81]. These major differences between the
innate immune outcomes can be attributed to the improved evasion
mechanisms in CoVs. Additionally, these innate immune cells can
secrete excessive dysregulated cytokines. Tregs can counteract the
pathological changes initiated by NK and NKT cells and activate the
inflammatory cascade downstream, including other innate and adaptive
immune cells [82]. ARDS may result from deficiencies in Treg activation
[83]. In particular, Tregs secrete anti-inflammatory cytokines, which
results in regulated and functional inflammation [84]. Treg dysfunctions
may result from a lack of Treg localization. Some studies have demon-
strated that Tregs do not localize to the lung in patients with ARDS and
remain in the peripheral blood [85]. The decreased number of Tregs in
the blood relative to the proinflammatory Th17 cells was indicated as a
marker of ARDS severity [86]. In influenza models, Tregs are activated
and expanded in non-lethal models [87], which results in the positive
modulation of the immune response by suppressing inflammation [88].
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Tregs can prevent excessive tissue damage during influenza infection in
mice but do not affect the antiviral immune response [89].

These immunobiological findings have led to the examination of
immunosuppression and immunomodulation in ARDS. The therapeutic
effects of glucocorticoids have been examined against ARDS. Some
studies have demonstrated the beneficial effects of glucocorticoids.
However, these beneficial benefits have not been conclusively demon-
strated. Currently, glucocorticoids are not clinically used to treat ARDS
[90,91].

Several findings have indicated that the progression of COVID-19 is
associated with immune dysregulation. Histological analysis of patients
with severe COVID-19 revealed typical ARDS pathology with signs of
both mononuclear cell infiltration and direct virus-induced damage. The
infiltration of mononuclear cells has also been reported in other tissues,
including the liver and heart [50]. During the early phase of COVID-19
infection, alveolar edema, vascular congestion, and infiltration of
mononuclear inflammatory cells and multinucleated giant cells are
observed [92].

Liver inflammation is observed in approximately 60% of patients
requiring ICU due to COVID-19-induced pneumonia. In contrast, liver
inflammation is not observed in a high proportion of clinically benign
patients [93]. This phenotype can be explained by drug-induced hepa-
titis or virus-induced liver injury. However, elevated cytokine secretion
and immune dysregulation could also account for this phenotype, which
may lead to severe pulmonary disease (presumably with severe cytokine
and immune cell activation ("HLH type")) with other organs [77]. The
cases of COVID-19-associated myocarditis and encephalitis have also
been reported, which further suggested pathological immune activation
or viral pleiotropy.

Thus, the dysregulation of innate and Tregs cell functions is involved
in ARDS, which has been validated in the models of influenza pneu-
monia [94]. COVID-19 may manifest as ARDS, which may be partially
mediated through immune dysfunction. These results suggest that im-
mune modulation may augment antiviral immune response and allow
rapid viral clearance. Additionally, immune modulation may attenuate
the pathological uncontrolled immune-mediated target organ
dysfunction.

1.4. Augmenting the antiviral cellular inmune response and mitigating the
immune-mediated target organ damage using an adjuvant approach in the
gut

The gut provides a platform for generating immune signals that
impact the systemic immune system [95-97]. Adjuvants, including
non-absorbable compounds, have been used to modulate the intestinal
immune signals in several preclinical and clinical trials using
non-absorbable compounds [95-105]. Three types of adjuvants, namely
glycosphingolipids, low-dose colchicine, and hyperimmune colostrum
that target the gut immune system have been proposed to augment the
antiviral immune response and mitigate immune-mediated target organ
damage in patients with COVID-19. These three adjuvants are expected
to have a high safety profile and induce a potent antiviral response, as
well as alleviate immune-mediated organ damage in patients with
COVID-19.

1.4.1. Immunomodulation through the sphingolipid pathway in COVID-19-
associated pneumonia and ARDS

In addition to the structural functions, the “Sphinx-like” sphingoli-
pids exhibit bioactive properties, including immunomodulatory activity
[106]. "Sphingolipid rheostat" has a critical role in immunomodulation
[107,108]. Sphingolipids are critical for the functions of immune cells
involved in the initial antiviral response and the initiation and pro-
gression of ARDS. The sphingolipid rheostat has a critical function in the
immune cells. According to this paradigm, ceramide (a major functional
sphingolipid) accumulates in the cell as part of a "zero-sum game" with
sphingosine, a sphingolipid that is generated from the
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ceramidase-mediated cleavage of fatty acids from ceramide [109]. Other
catabolic and anabolic mechanisms can also generate these sphingoli-
pids. However, the counter-regulatory functions of these mechanisms
tend to shift the balance to ceramide or sphingosine synthesis [110]. The
phosphorylation of sphingosine to sphingosine-1-phosphate (S-1P)
promotes cell survival. In the immune cells, S-1P is a major inflamma-
tory mediator [111,112]. Ceramide promotes cellular apoptosis and
conditionally exerts anti-inflammatory effects [113].

Glycosphingolipids, which are sphingolipids with a sugar moiety,
have also been proposed to maintain the immune balance by regulating
different arms of the immune system in opposing environments [110].
The effects of glycosphingolipids may be mediated by regulating the
lipid rafts and the downstream signaling pathways [114,115]. This
system was described as a "two-faced" system for maintaining the im-
mune balance in opposing settings. In this system, the same ligand or
different ligands can target different or the same subset of cells [95,116].

NKT cell subsets play a role in both inflammation and immune
tolerance. The activation of the NKT cells results in the secretion of
proinflammatory or anti-inflammatory cytokines, which determine their
cellular and humoral milieu for immunity or tolerance. p-Glucosylcer-
amide (GC), a glycosphingolipid, exerts a beneficial tolerogenic effect on
the immune system in both animals and humans [117,118]. Addition-
ally, GC functions as an adjuvant for Treg induction and consequently
alleviates adipose tissue-associated inflammation [119]. Furthermore,
GC alleviates immunological disorders and may be associated with the
"fine-tuning" of immune responses by altering the plasticity of NKT
lymphocytes [120,121]. GC-mediated dual effect on immunity was
demonstrated using the models of colitis and hepatocellular carcinoma
(HCC) [120]. Administration of GC alleviated colitis (tolerance) and
suppressed HCC (immunity). A similar beneficial effect of GC treatment
on two immune-opposing models of graft versus host disease has been
reported [122]. GC can potentiate the antiviral vaccine response by
exerting a potent adjuvant effect [123].

NK cells are dependent on the proinflammatory cytokine interleukin-
2 (IL-2) for survival. The lack of IL-2 promotes apoptosis and increases
cellular ceramide levels. Artificially elevation of ceramide levels pro-
motes apoptosis independent of IL-2 levels [124]. In NK cell leukemia,
NK cells are insensitive to apoptosis signals. However, treatment with
ceramide induces apoptosis in the NK cells [125]. The opposite spectrum
of the sphingolipid rheostat involves promoting NK cell survival and
activity. S-1P and its receptor are required for lymph node NK cell
localization and proinflammatory cytokine secretion [126,127]. In some
conditions, S-1P, which is crucial for NK cell migration and cytokine
secretion, inhibits direct cytotoxicity [128].

There are limited studies on other sphingolipids in the NKT cells. The
S1P receptor activity is crucial for NKT localization in the tissues [129].
Conversely, S1P synthesis in the target cells, which is observed in lym-
phoma, is associated with a reduction in cytokine secretion and cyto-
toxic effects, which may result in the decreased presentation of CD1d
antigen [130].

Tregs are dependent on ceramide for their function and induction of
immune tolerance. Additionally, Tregs have unique metabolic pathways
to maintain elevated ceramide levels [131-134]. In contrast, S-1P is a
double-edged sword. The binding of S1-P to its receptor can suppress
and enhance Treg activity. Previous studies have demonstrated that Treg
suppression is associated with decreased S-1P levels [135]. The func-
tions of S-1P have not been completely elucidated. Inhibition of sphin-
gosine kinase (SphK), an enzyme that generates S-1P, was also
associated with decreased Treg differentiation. This may be attributed to
different conditions (e.g. acute vs. chronic inflammation), direct S-1P
activity, or other effects resulting from SphK inhibition or knockdown.

These findings indicate the involvement of sphingolipids in inflam-
matory signaling, especially in cells involved in proinflammatory or
anti-inflammatory responses against viral pneumonia and ARDS.

The therapeutic effects of sphingolipid modulation in viral pneu-
monia or ARDS have not been examined. However, the modulation of
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sphingolipid rheostat in the inflammatory cells can be a potential ther-
apeutic strategy for COVID-19. In particular, interventions driving the
rheostat toward ceramide and away from S-1P, such as inhibitors of
SphK, have been examined in clinical trials [136].

The administration of ceramide to cells involved in the COVID-19
immune response may clear NK and NKT cells and induce apoptosis of
active cells. Ceramide is crucial for the survival and the functions of
Tregs, which appear later during the inflammatory process. Ceramide
may prolong Treg action and alleviate immune dysregulation.

The levels of S-1P, which is involved in the early stages of inflam-
mation, may decrease upon treatment with sphingolipid modulators
[107]. During the early stages of infection, S-1P suppresses cytotoxicity
and promotes cytokine secretion. In the NK cells, S-1P may fine-tune the
immune response and promote their cytotoxicity against infected cells
and inhibit excessive cytokine secretion, which promotes the develop-
ment of ARDS. In the NKT cells, S-1P may enhance antigen presentation
and NKT cell activity. During the later stages of inflammation, low S-1P
levels may activate the Treg signaling although some contradictory re-
sults have been reported. Fig. 1A shows a schematic representation of
the potential role of S-1P as a therapeutic target for patients with
COVID-19.

1.4.2. Low-dose colchicine

The cytoskeleton comprises microtubules (MTs), which are dynamic
cytoplasmic tubular polymers, microfilaments, and intermediate fila-
ments [137]. MTs are critical for the innate and adaptive immune re-
sponses and the dynamics of inflammatory cells [138-141]. Colchicine
is an orally administered potent anti-inflammatory drug. The mecha-
nism of action of colchicine is the inhibition of tubulin polymerization
and MT generation. Additionally, colchicine acts on the inflammatory
chemokines and the inflammasome [142,143]. The anti-tubulin effect of
colchicine inhibits neutrophil function and hence is used to treat gout
and familial Mediterranean fever (FMF) [144]. Although it is the main
therapeutic agent for FMF, approximately 10-30% of patients with FMF
do not respond to colchicine even when used at the highest tolerable
dose [145-149]. Moreover, regular dosages of colchicine are associated
with a high rate of toxicity [150,151].

Low and non-absorbable dosages of colchicine exerted a systemic
anti-inflammatory effect, which suggested that the localized effect on
the gut MTs is a key regulator of the systemic immune system. Targeting
MTs with a low-dose of colchicine alleviated the inflammatory response
in immune-mediated hepatitis [152]. Colchicine can serve as a potent
adjuvant to therapeutic drugs to alleviate non-responsiveness or partial
responsiveness to therapies. Preliminary data suggest that the
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combination of colchicine and other drugs may potentiate long-term
beneficial effects [152]. Recent studies have demonstrated the role of
neutrophils and IL6 in COVID-19 pathogenesis and disease progression.
Hence, a low-dose of colchicine can modulate the immune system in
patients with COVID-19. Colchicine downregulated the expression of
cytokines, such as IL1, IL6, and TNFa in in vitro models [153] and that of
IL1b, IL6, and IL18 in vivo [154].

1.4.3. Hyperimmune colostrum: promoting an effective antiviral immune
response against viral strains

Hyperimmune bovine colostrum (HBC), which contains a high level
of antigen-specific IgG, is produced by immunizing cows during preg-
nancy. The immunomodulatory effect of HBC is reported to be similar to
that of glycosphingolipids. Treatment with HBC was effective against
enteric pathogens but not the non-pathogenic gut microbiota [155,156].
HBC induces Tregs and alleviates systemic inflammation in the models
of colitis, immune-mediated hepatitis, and type 2 diabetes [157,158].
Clinical trials have demonstrated that HBC has a high safety profile and
that it can alleviate systemic inflammation and the associated
immune-mediated organ damage by promoting the activation of Tregs
[159,160].

IFN secretion may be critical for the immune response against CoV
[40,161]. In preclinical studies, naive mice were fed with HBC to
examine the induction of T cell clones that secrete IFN in response to two
influenza strains. HBC augmented the secretion of IFN from the
virus-specific positive T cell clones in the naive mice (unpublished).

These data indicated that HBC may promote a potent anti-COVID-19
immune response and simultaneously induce Tregs and ameliorate
immune-mediated organ damage. The high safety profile of HBC sug-
gests that it can be used as a potent adjuvant in patients with mild to
moderate COVID-19 and prevent disease spread.

1.5. Enhancing the therapy response based on individual variability
patterns to ensure sustainable augmented antiviral responses and
mitigation of immune-mediated organ damage

The interaction between multiple networks within healthy biological
systems is dynamic [162-166]. Physiological functional systems exhibit
highly irregular and complex dynamics [167]. According to nonlinear
dynamics, the pathology of disease is correlated with the loss of
complexity and the inability to retain the physiological state of the
system [139,168-173]. Variations in the biological system, which are
critical for optimal response to multiple internal and external triggers,
contribute to regulated plasticity [110,141,170,171].
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Fig. 1. (A) Schematic representation of the role of sphingoise-1 phosphate (S-1P in patients infected with COVID-19. (B) Schematic presentation of an algorithm-
based approach for the diagnosis and treatment of patients with COVID-19 infection.
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Gene expression, which is regulated by stochastic factors, is affected
by random fluctuations or “noise” [174-179]. Similar to other biological
systems, the immune system is dynamic with inherent variability, which
is critical for its physiological function [170-172,180,181]. Intra- and
inter-patient variability in the immune system has been reported at the
cellular organelle and whole-organ levels [169,170,182-186]. Vari-
ability in the expression of lymphocyte biomarkers was reported in
subjects with immune-associated disorders [187]. Heterogeneity in the
founder cells contributes to the variability in immune cell proliferation
and apoptosis. Variation in the activation of Tregs is a major obstacle for
developing cell-based therapy against immune-mediated disorders
[188]. High intra-group and inter-subject variabilities were demon-
strated using the ex vivo cytokine release tests. The median coefficient of
variation in the levels of IL-1§ and IL-8 was 29% and 52%, respectively
[189]. Dynamic instability is a feature of biological variability, which is
also a characteristic of MTs [190]. Mitchison and Kirschner observed
that MTs exhibit stochastic switching between growing and shrinking
states, a behavior known as dynamic instability [191-193]. The growth
and shortening rates of MTs are highly variable. The mean growth rate
of individual MTs increased with increasing tubulin concentration. This
large variability can be attributed to known random measurement er-
rors. Hence, variability may be an inherent characteristic of the MTs
[194,195].

Previous studies have reported that individual cells exhibit variable
drug response [196]. A study on a preclinical model revealed both
intra-group and inter-experimental variabilities in the individualized
response to concanavalin A, an immune inducer, and orally adminis-
tered immunomodulatory agents. The individualized responses were
observed using the serum levels of IFN-y, TNF-a, and IL-10 and the
expression of CD4+CD25+, CD8+CD25+, and CD3+NK1.1+ in the
lymphocytes. Individual variability in response to immune triggers and
immunomodulatory therapies has a critical function in this isolated
system. These data further support the implementation of personalized
variability-based platforms to improve the response to chronic therapies
[197].

In humans, serum drug levels vary among patients [198,199]. The
inter-individual and intra-individual variabilities in drug response have
been partially attributed to pharmacogenomics and pharmacodynamics
of drugs, as well as to drug responsiveness [199-202]. However,
non-specific interactions between drugs and macromolecules in cells
cannot be explained only through pharmacodynamics.

Intermittent dosing with drug “holidays” has clinical benefits,
including decreased adverse drug effects [203]. The re-induction of
anti-TNF response after a drug holiday has been suggested as a mecha-
nism to overcome the loss of drug response [204,205]. In a prospective
trial involving 80 patients with inflammatory bowel disease receiving
anti-TNF therapy, loss of clinical response was observed in 36% of
controls receiving regular dosing and 13% of patients dosed using a
model aimed at maintaining the drug level using a (de-)escalation
dashboard. Clinical benefits were achieved irrespective of the lack of
change in drug levels [206]. These indicate that dose alterations can
lead to clinical improvement when compared with regular fixed dosing.

The unpredictability of the response to chronic medications can be
attributed to the variability of the biological systems and the dynamic
changes associated with immune processes [110,139,170,173,207,208].
Immune modulatory dosing using regular fixed regimens may not be
compatible with the physiological variability in the immune system and
may further contribute to the loss of beneficial effects with time [209,
210]. Fixed dosing regimens were proposed to be incompatible with a
high degree of variability, which is a characteristic of the immune sys-
tem. To improve the long-term sustainable effects of chronic medica-
tions, patient-specific variability must be considered [110,170,180,
181].

A single platform integrating the use of these proposed immuno-
modulatory biological mechanisms and the overlying concept of
"augmentation by randomness” is being developed, which may aid the
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therapeutic needs of COVID-19.

In the first step, healthcare providers are presented with a digital
platform containing the latest data on the COVID-19 pandemic. Addi-
tionally, the platform can be used to identify patients at risk of infection
based on clinical characteristics and subsequently select individuals for
testing. Patients diagnosed with COVID-19 are stratified by the algo-
rithm to three levels of severity based on their symptoms, physical ex-
amination results, viral load, immune parameters, and laboratory test
results. Patients classified in the mild or moderate categories will be
offered supportive care and a controlled, semi-random, and therapeutic
regimen involving HBC dose determined by the algorithm. As HBC is
classified as a food supplement, this step does not require regulatory
approval and can be implemented immediately. The colostrum-based
approach can be combined with other experimental drugs.

In the second step, the effect of low-dose colchicine on alleviating
immune imbalance will be examined in patients with COVID-19. This
step is based on the re-purposing of an approved drug with known ef-
ficacy but associated with a high rate of resistance or loss of clinical
response. This eases the regulatory approval.

In the third step, glycosphingolipids and SK1 inhibitors will be
developed as potential therapeutic drugs for potentiating the antiviral
immune response.

As a part of the second and third steps, the algorithm will be
improved by introducing personalized measures based on variability in
the subject-related and disease-related parameters. Variabilities directly
or indirectly associated with the function of MTs, including the quan-
tification of MT irregularity, heart rate variability, chronobiology-linked
parameters, and viral-related signatures will be quantified and imple-
mented into the algorithm along with various biochemical markers of
inflammation and other inputs [170,171,180,181,211,212]. The irreg-
ularity in dosing and timing of drug administration based on personal-
ized signatures is proposed to result in a beneficial sustainable effect and
prevent resistance [211].

Fig. 1B shows a schematic of the use of an algorithm-based approach
for the treatment of patients with COVID-19.

2. Summary

We established a novel digital health platform that can assist in the
clinical management of patients with COVID-19, including diagnosis,
stratification based on disease severity, and monitoring. Additionally,
this novel platform enables the administration of three families of ad-
juvants that target the gut immune system to enhance antiviral immu-
nity independent of viral genome mutations and alleviate immune-
mediated lung, heart, and liver damages. This platform can be imple-
mented within a short period as it is designed to ensure easy regulatory
approval. Positive results from this system enable continuous algorithm
improvement and refinement of the clinical response to these com-
pounds in combination with additional antiviral agents under
development.
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