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1 | INTRODUCTION

Summary

A knowledge-based cybernetic framework model representing the dynamics of
SARS-CoV-2 inside the human body has been studied analytically and in silico to
explore the pathophysiologic regulations. The following modeling methodology was
developed as a platform to introduce a predictive tool supporting a therapeutic
approach to Covid-19 disease. A time-dependent nonlinear system of ordinary differ-
ential equations model was constructed involving type-l cells, type-Il cells, SARS-
CoV-2 virus, inflammatory mediators, interleukins along with host pulmonary gas
exchange rate, thermostat control, and mean pressure difference. This formalism
introduced about 17 unknown parameters. Estimating these unknown parameters
requires a mathematical association with the in vivo sparse data and the dynamic
sensitivities of the model. The cybernetic model can simulate a dynamic response to
the reduced pulmonary alveolar gas exchange rate, thermostat control, and mean
pressure difference under a very critical condition based on equilibrium (steady state)
values of the inflammatory mediators and system parameters. In silico analysis of the
current cybernetical approach with system dynamical modeling can provide an intel-
lectual framework to help experimentalists identify more active therapeutic

approaches.
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outbreak a global pandemic. This highly infectious disease is passing

effortlessly from humans to humans in many ways such as droplets

The novel coronavirus 2 (SARS-CoV-2) causing Covid-19 disease first
appeared in December 2019 in China.® This severe acute respiratory
syndrome rapidly spread to almost all countries in the world. As per
the World Health Organization (WHO),? the total number of Covid-
19 cases until now is 7 410 510 and the number of deaths 418 294
worldwide. On 11 March 2020, WHO declared the Covid-19

Abbreviations: ACE-2, angiotensin-converting enzyme 2; ARDS, acute respiratory distress
syndrome; BMP, bone morphogenetic protein; Covid-19, coronavirus disease-2019; HR,
heart rate; IL, interleukin; MERS, Middle Eastern respiratory syndrome; O,, oxygen; RNA,
ribonucleic acid; RR, respiratory rate; SARS-CoV-2, severe acute respiratory syndrome
coronavirus 2; SIRS, systemic inflammatory response syndrome; SNS, sympathetic nervous
system; SSRNA, single-stranded RNA; TFN-a, tumor necrosis factor-alpha; TGF-B,
transforming growth factor-p; WHO, World Health Organization; WOB, work of breathing.

within a 1-m radius, airborne transmission within 3 hours duration,
surface transmission with 2 to 3 days duration, and fecal-oral®. About
4.5 billion people across the world will be living under social distanc-
ing measures. The economic pandemonium associated with the
Covid-19 pandemic has wide-ranging and severe impacts for financial
markets worldwide.

Mike Ryan, Assistant Director-General for Emergencies of the
World Health Organization, has issued a fresh warning about the
coronavirus in a virtual press conference on Covid-19 on 13 May
2020. He said, “I think it's important to put this on the table; this virus
may become just another endemic virus in our communities, and this

virus may never go away.”*
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At present, the biggest challenge to the world is the prevention of
SARS-CoV-2 spreading by developing an appropriate vaccine. Scien-
tists worldwide are working hard to develop a proper vaccine to coun-
ter this deadly virus and human trials are already underway in the
United Kingdom, China, Australia, United States, Italy, and Germany.

Chen et al® developed a Bats-Hosts-Reservoir-People transmis-
sion network model. The model estimation shows the value of being
of 2.30 from reservoir to person and 3.58 from person to person.
Therefore, one Covid-19 infected individual can able to infect about
three to four other individuals. Wu et al reported that pandemic dou-
bling times is 6.4 days.® It means that the transmissibility of SARS-
CoV-2 (Covid-19) is much higher than the Middle Eastern respiratory
syndrome (MERS).

Figure 1 indicates that within a short period, one Covid-19
infected person can infect another three in 6 days, and those three
newly infected can spread the disease among nine more in 6 days,
and so on.

Kissler et al” developed a model on SARS-CoV-2 transmission
dynamics in temperate regions. Model analysis suggested that the
total number incidence of the virus infection through 2025 will
entirely depend upon the duration of human immunity development—
of which there is absolutely no knowledge yet. The model also pre-
dicts that one-time social distancing helps suppress disease transmis-
sion to keep within hospital capacity, but it could recur if these
measures are relaxed.

Remdesivir has recently been licensed, but there is currently no
other proven effective treatment available for Covid-19 patients,
including the immunopathogical components.®

Guan et al reported that the median incubation period for Covid-
19 is 4 days with interquartile range, 2 to 7. The serial interval
between two consecutive transmission generation pairs is between
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FIGURE 1 Disease spread by single infected human

3 days and 8 days.”*? Within 2 days of symptom starts, the SARS-
CoV-2 viral load reaches a peak. Severe Covid-19 patients develop
acute respiratory distress syndrome (ARDS) on an average of around
8 to 9 days after symptoms when the gas exchange rate inside the
respiratory system malfunctions.*®#

In the present study, we aim to understand the chain of events
after the SARS-CoV-2 virus invaded the human body, creating chaos
in the respiratory system, thermostat control, and multiple organ fail-
ure systematic networks using the knowledge-based cybernetic
model. The benefit of using the cybernetic model is mainly its ability
to analyze the capacities and limits of systems components. Virus and
its host are within the same system.

In the next section, schematic diagrams (Figures 2-5) show the
network of events that leads to cytokine storm, ARDS, loss of thermo-
stat control, and multiple organ failure.

The model analysis then suggests to experimentalists possible
measures to control these parameters for a better therapeutic

outcome.

2 | PATHOPHYSIOLOGY

In this section, we will discuss the functional pathophysiological
changes associated with the human body system as a result of SARS-
CoV-2 viral infection. Detailed studies on how Covid-19 affect the
host body systems, causing functional changes that can lead to serious
health consequences, will be discussed in Figures 2 to 5.

Figure 2 illustrates the network of sequential events after virus
enters the lungs through respiratory channels. The virus takes advan-
tage of the ACE-2 receptor of the type-Il cell inside the alveolus by
using its particular spike proteins to introduce its single-stranded RNA
(SS RNA) inside the cell®® and using the cell's existing translation
mechanisms to produce different types of proteins. The positive sense
(+SS) RNA of the virus then uses the host cell RNA-dependent RNA-
polymerase to replicate itself. With the help of proteinases, the newly
formed proteins, together with nascent + SS RNA, creates a new virus
by budding out of the type-Il cell. In this process, the virus replicates
itself significantly in numbers, ultimately destroying the host cell. As a
result, the host cell produces and releases inflammatory mediators
that trigger alveolar macrophages to release cytokines including IL-1,
IL-6, and TFN-a.2¢*?

Figure 3 shows that the released cytokines IL-1, IL-6, and TFN-a
travel toward the capillary around the alveolus and destroy the endo-
thelial layer inside it that promotes vessel dilation and increases the
capillary permeability. As a result, fluid leaks out into the interstitial
space (space between capillaries and the cells). This alveolar edema
reduces the production of surfactants and increases surface tension,
leading to alveolar collapse and impaired gas exchange mechanism.
Patients infected with the virus experience a severe symptom of hyp-
oxemia. Many alveoli become filled up with debris that includes inter-
stitial fluid, macrophages, different proteins, damaged type-I, type-II
cells, and some neutrophils resulting in consolidation of the alveolus

which alters gas exchange and work of breathing (WOB).2°
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In Figure 4, the excess cytokines (IL-1, IL-6, and TNF-a) travel to
the hypothalamus through the blood vessel and direct it to reset the

body temperature to a higher level (fever).

Increased

IL-1, IL-6 & TFN-alpha Temperature
Hypothalamus fever

FIGURE 4 Cytokines instigate hypothalamus

This inflammation of the lungs become so severe that it can
N stimulate systemic inflammatory response syndrome (SIRS)

v
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FIGURE 5
inflammatory response syndrome (SIRS), and blood volume decreased

Septic shock via dilution of the entire
circulatory system and increase

The consolidation and accumulation of alveolar debris inside alve-
oli produces mucus that stimulates coughing. Covid-19 patients with
hypoxemia and increased WOB decrease the partial pressure of oxy-
gen (0,) so stimulating the formation of chemoreceptors, which then
trigger the sympathetic nervous system (SNS) to increase heart rate
(HR) and increase respiratory rate (RR).

Figure 5 shows if the lung inflammation is severe, it can leach out
into the bloodstream and stimulate systemic inflammatory response
syndrome (SIRS), sometimes progressing to the point of septic shock.
This causes vessel dilation and increased permeability allowing plasma
fluid to leak into tissue space, decreasing blood volume and triggering
hypotension. This decrease in perfusion may eventually lead to multi-
ple organ failure°.

3 | SYSTEMIC APPROACH

Based on the facts discussed above, we develop a simple schematic
diagram (Figure 6) with accompanying mathematical model using a
very simplistic cybernetic approach. It shows that the single RNA
strand of the SARS-CoV-2 virus uses type-Il cells of the alveolus for
its replication. At the same time, it uses existing cellular mechanisms

inside the host cell to proliferate in significant numbers. The newly

Multiple Organ
failure

—p

Demonstrates the sequence of activities leading to multiple organ failure due to severe inflammation of lungs through systematic
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FIGURE 6 Cybernetic
scheme of the system after SARS-
CoV-2 virus interacts with a
human immune system where
CoV2 = Corona Virus, T1 = Type
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formed virus then escapes the host cell and targets another type-II cell d
in different or same alveolus. During this process, the type-II cell also a(lfM) =aCoV2T2—falfm 4
produces inflammatory mediators that stimulate the macrophage
inside the alveolus. As a result, different types of interleukins forms, E(IN) = aslfuln—Psln 5)
such as IL-1, IL-6, and TNF-a. dt
Interleukins then dilate the endothelial layers of the adjacent

blood vessel and increase permeability, triggering a cytokine storm E(GE):\}l(lHN) (1 LN) PeGE (6)
and damaging both type-l and type-Il cells eventually destroying the
entire alveolus. Due to the loss of type-l and type-ll cells, the gas 1
exchange mechanism inside the respiratory system becomes dysfunc- dt(TH) = (9— 1+] ) —p7TH (7)
tional. It affects the central nervous system through the hypothalamus
because of its anterior connection to the blood vessel, which is full of d 5
excessive interleukins. As a result, the hypothalamus sets up a new E(PD) - 1+1y ~PaPo 8)

thermostat control temperature. Due to cytokine storm as well as
massive, excessive interleukin production, there could be enormous
damage to the blood vessels of the entire body (dilation) that creates
a pressure difference.

4 | CYBERNETIC MODEL OF THE VIRUS
DYNAMICS

The proposed mathematical model based on the above schematic net-

work diagram is as follows:

d
&(Tl) =0£1T2—51IN—/,41C0V2 (1)
d
gt (T2) = a2T2—p;CoVs (2)
d
g (CoV2) = asCoVaT2—fs (3)

where t stands for time in days, T4, T, CoV,, Ify, and Iy represent state
variables as type-l cell, type-ll cell, SARS-CoV-2 virus, inflammatory
mediators, interleukin concentrations, respectively, at time t. The other
variables are Gg, Ty, and Pp gas exchange rate, thermostat temperature,
and pressure difference at time t. a, and a, are the growth rate of type-
I and type-Il cells. In an adult lung, type Il cells transmute into type |
cells.*® a5 is the rate at which CoV, in contact with the type-Il cells for
its replication and proliferation. a4 is the rate at which CoV, is producing
inflammatory mediators using type-ll cells. as is the rate at which
inflammatory materials stimulate the macrophage to produce different
types of interleukins. ¥ represents the average amount of gas intake
and outlet by a normal human without any respiratory problem. Q is the
initial temperature for the healthy human as set by the thermostat and
>~ is the mean area pressure in blood vessels for a healthy individual
without Covid-19. Crossby et al reported that early onset of SARS-
CoV-2 virus rapid replication may cause apoptosis.?* 4, and . repre-
sent the rate of apoptosis for type-l and type-Il cells. 5, stands for the
rate at which cytokine storm destroys type-| cells inside alveolus. f3, f4,

Ps, e B7, and Bg are natural degradation factor parameters.



sof1 | WILEY.

SAHA anD SAHA

5 | MODEL ANALYSIS

The system described in Equations (1) to (8) is not a simultaneous sys-
tem. It means each event in the virus and host interactions are hap-
pening sequentially. Therefore, it is reasonable to identify that there
exists a pseudo-steady-state within the system. Equations (2) to (4)
demonstrate the dynamics of type-ll cell, SARS-CoV-2 virus, and
inflammatory materials within a single alveolus. These are the three
primary events inside alveolus that ignite the whole process leading to
the chaos of the cytokine storm, ARDS, thermostat control, and multi-
ple organ failure after the variables T,, CoV,, Ify reach its equilibrium
values (steady state). It is an intermediate steady state, we call it
pseudo-steady-state (Tg CoV9 Iff,,)

Ha  [a2f3

-,-(2> az \ H203

CoVd | =| [2Ps (9)
H203

If°
M Paas
Paaz

The next events in the sequence are the dynamics of interleukins

and type-I cells. The solution of Equations (5) and (2) is

In = IRExp (aasIffy s )t (10)

Ty= {\/Zﬁ:ﬁz(ﬂzz—;—m)f—ﬁ} +
{1_Exp(a51f£4—ﬁ5)t} an

(asif—ps)

where I3, T9 = baseline initial number of interleukins and type-I cells
(steady state) within an alveolus in normal situation before any SARS-
CoV-2 virus enters.

Using Equation (10) in Equations (6) to (8), we have the following

system:

d 1 1
—(Gg) =¥ —PsG
at <1+lﬁ,Exp(aslfﬁ4-ﬁ5)t) (1+lgExp(a5:fﬁ4—/s5)t> .

(12)
d 1
L= a- —pT, 13
dt( H) ( 1+’,?,EXp(aslff\)4—ﬂ5)t) ﬂ7 H ( )
d py
4 ~aPo (14)

Pp) =
1+:3Exp<a51f24-/15)t

From Equation (10) we recognize cytokines that can trigger the

chaos under certain conditions. We define the term Do = ﬁ—g as the

pivotal element that can stabilize or destabilize the system under cer-

tain conditions.
Condition| : If aslf,?,, —p5<0= If?,, <Dg (15)

Cytokine concentrations will be decreasing in time. Eventually,
body will not experience further complications even if person is

infected with the virus.
Condition |l : If aslfy—f5 = 0= Ify < Do (16)

As time increases, cytokine concentrations will be heading toward
their initial values, the state where there is no infection.

Condition Il : If aslfy — 5 > 0= Ify < Do (17)

This is the chaotic condition; cytokine storm is inevitable if this
condition is fulfilled.

The time-dependent solution to Equations (12) to (14) is as
follows:

Ge="! F1(2 Ps ; Ps +1; —Qexp(aslfS,—ps )t
E ﬁé {2 ( (aslf&_ﬂs) (aSIf‘?A—ﬂ5> N ( 51m 5)
+ CGE EXp( —ﬂét)
(18)

1
Ty= CTHe"“ + X

ﬂ7((f15’f?4—ﬁ5) +ﬂ7>

(@-1)((aslfy=ps) +57)

g, (aslfti=ps)+p,
ZFl(ly (rxslf&7—/35>‘ (aslf—ps) ﬁlzexp(as,f&_ﬂs)t)

+

wes)on
(aS’f?A—ﬂs) ’(GSIf?A—ﬂs

1957l es!fu=rs)t F1 (1, (

) ;—Rexp (aglf,?,, —ﬂs)t>
(19)

z
PD = Cp[)ef/}81t +—X 2F1
P

(20)
(1, <a If)§8 Vi )’(a lf§7 P ) +1?_1216Xp((x5,f?4_/;5>t)
SUM™Ps s5ifm—Ps

oC
where ,F1(a,b;c;x) = > ("zggb”‘ x % and Cgg, Cry and Cpp are the inte-
n=0 " '

grating constants.

6 | BIO-REGULARITY SIMULATION

A challenge in this simulation approach is parameter estimation. Due

to the limited availability of data among humans, a mathematical
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association was necessary between different biological molecule
abundance data characterizing the interactions of SARS-CoV-2 in ani-
mal models.

Bove et al?? observed approximately 31 population doublings for
alveolar type-ll cell by 63 days after original seeding with base media
alone or with feeder cells and a pharmacological inhibitor of the Rho
kinase signaling pathway. Human alveolar type-Il cells plated with base
media alone did not proliferate. Assuming the exponential growth
model A; = Age™, where A; and Ag are the final and initial population, we
estimated a domain for the growth rate as 0.0545 < a; < 0.3466.

Alveolar type-ll cells in vitro quickly transdifferentiate on a
default pathway into nonproliferative alveolar type-I-like cells under
traditional culture conditions®?2. Zhao et al?® observed in animal

Pseudo Steady State

IfM

T2

FIGURE 7 Existence of pseudo-steady-state for type-I cells,
SARS-CoV-2 virus, and inflammatory mediators for different
parameter values within the allowable domains as specified in Table 1

TABLE 1 Parametric input values of
the presented cybernetic model as
derived from in vivo sparse data

Parameters

Growth rate of type-Il cells
Apoptosis rate of type-I cell
Apoptosis rate of type-Il cells

Growth rate CoV,

Production rate of inflammatory mediators

Production rate of interleukins

Gas exchange rate ¥

Thermostat threshold Q

Mean area pressure Y

Growth rate of type-I cells

models that the transforming growth factor-p (TGF-$) and bone mor-
phogenetic protein (BMP) are at inverse relationships during type-I|
cells transdifferentiating into type-I cells. Based on their experimental
data with mathematical assumption of exponential growth or trans-
differentiating phenomenon, we estimated it as 0.2682 < a4 < 0.6824.

Apoptosis rate parameters for type-l and type-Il cells are calcu-
lated in the same way as above from experimental work on alveolar
epithelial type Il cells on animal models.??

[** on male and female ferret

The experimental work of Kim et a
models infected with the coronavirus collected from Covid-19 confirmed
patient in Korea helps us to estimate the growth rate of SARS-CoV-2.
The estimation technique is the same as described above. The inflamma-
tory mediator growth rate has been estimated from the experimental
results on chronic intermittent hypoxia of male mice over 4 weeks.?®
Interleukin production rate was estimated based on the experimental
results of Channappanavar and Perlman.?® The gas exchange rate was
estimated based on the human lung's consumption of oxygen (O,). In an
inactive state, a normal human can consume about 5 to 6 mL per minute
at 28°C esophagus temperature.?” The thermostat control threshold
parameter is assumed to be between 37'C < Q < 41°C 2%, The pressure
difference constant is the mean area pressure represents the average
pressure (force) that drives blood into the vessels.?®

It is equivalent to

(Systolic—diastolic) Blood Pressure

MAP = Diastolic Blood Pressure + 3

The estimation of degradation parameters needs a substantial
amount of experimental data. At this stage, there is very limited or
nonavailability of experimental data on which one can estimate the
degradation parameters. Therefore, baseline values are the only

options for all the degradation parameters gis,i=3,....,8.

7 | INSILICO RESULTS
A mathematical framework has been presented, which characterizes
the biokinetic mechanism of SARS-CoV-2 virus and alveoli and the

surrounding environment that includes blood vessels around it and

Range Units Source

0.2682 < a, < 0.6824 Per day Reference [23]
0.0545 < a;, < 0.3466 Per day Reference [22]
0.4274 < u1 < 0.5680 Per day Reference [21]
0.4274 < pu, < 0.5680 Per day Reference [21]
0.0908 < a3 < 2.5175 Per day Reference [24]
0.0100 < a4 < 0.0145 Per day Reference [25]
1.3271 < as < 2.1060 Per day Reference [26]
72<¥<8.64 L/day Reference [27]
37<Q<41 C Reference [24]
93.33 mm Hg Reference [28]
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other organs in the body. The overall impact of the virus influences
the fundamental regulation of the host immune system, which leads
to a cytokine storm under certain situations, heading toward an insta-
bility of the entire body by altering homeostasis drastically, which is
chaotic.

The intermediate steady state of type-Il cells, SARS-CoV-2, and

inflammatory mediators, known as the pseudo-steady-state, play a

Mo |azf3
Tg a2\ Hoa3

crucial role in these dynamics.

The pseudo-steady-state | CoV3 | = 223
(04
’f?/l HaQ3
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FIGURE 8 Growth curve of Interleukins :% for time in days in
two different situations, namely If& >Dg and IfE,] < Dg, where Dg = %
and 9, is the initial interleukins concentration when there is no virus
infection

Figure 7 shows the pseudo-steady-state of type-II cells, SARS-CoV-2,
and inflammatory mediators depending upon the different parameter
values within its specified domains, as mentioned in Table 1. It indi-
cates that as the viral load in the steady-state increase, the type-lIl cell
steady-state values decrease, and inflammatory mediators steady
values increase.

In Figure 8, two different scenarios are observed for Iff,, >Dg,
interleukin concentration is very high within a short period that leads
to the possibility of cytokine storm eventually causing further damage
to the body. On the other hand, if If;),, < Do, the interleukin concentra-
tion gradually diminishes, and further damage to the body may be
avoidable. For IfY = Do, interleukin concentration remains in the same
state as I9.

Next, we will look at the gas exchange rate of the virus-infected
body in two scenarios If?,, <Dg and If?,, >Dg. For lf,?,, < Dy, it has been
observed that the initial gas exchange rate is down to certain levels
for the first few days, but eventually, it raises again to normal with
14 days. It indicates that if the inflammatory mediators concentrations
are less than a certain threshold (Dg), then the amount of interleukins
it can produce from macrophages is not capable of long-term and
severe damage to the adjacent capillaries around the alveoli inside
lungs (Figure 9).

In the case when If?,, >Dg, it has been observed that the gas
exchange rate is continuously going down to a very minimal point in
14 days. It indicates that if the inflammatory mediators concentrations
are greater than a certain threshold (Do), then the amount of interleu-
kins it can produce from macrophages is capable of doing severe dam-
age to the adjacent capillaries around the alveoli inside lungs. It will
eventually ignite the possibility of a cytokine storm, and the body will

experience extreme hypoxemia (Figure 10).

6.5

Gas Exchange

o

4.5

35 | I L
0 2 4 6

8 10 12 14

Number of Days

FIGURE 9 Gas exchange rate when Iff\’,I < Dyg. Although it shows the exchange rate is going down initially, it is eventually coming back to

normal within a few days



SAHA anp SAHA

WILEY_| 2%t

Thermostat control shows two different temperature setups for
Iff,, <Dy and If?,, >Dg. In the case of If?,, < Dy, interleukins did not cre-
ate a massive peak to reset the body's temperature too high. From
Figure 11, one can see it picks up initially a little high and then comes

back to the normal body temperature. On the other hand, when

lf?,, > Do, the situation is different (Figure 12) because the body's tem-
perature is continuously increasing to its highest levels. It means the
production of interleukins is so high that it starts damaging the blood

vessels around the body, which influences the hypothalamus to reset

the temperature to a new high.
Now we want to see the pressure difference for If& <Dy and

If > Do. Figure 13 shows if If, < Do, an increase of mean area pres-

sure for an initial few days, when it comes down to its normal within

14 days. It means that there is minimal damage to the blood

circulatory system by interleukins. The body remains into its normal

state with 14 days, even if a virus infects it.

Figure 14 shows a continuous fall of mean area pressure in the

blood circulatory system when lf,?ﬂ > Do within 14 days. It means that
there is very severe damage to the blood circulatory system by inter-
leukins due to cytokine storm that may incur further damage to other

organs inside the body.
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FIGURE 10 Gas exchange rate when Ifl?,1 > Dy. It is showing that

the exchange rate is continuously going down much below the
expected level of the body's gas exchange rate

| PERSPECTIVE

The enormous complexity of viral dynamics and burgeoning volumes
of laboratory data pose a real challenge to researchers in biology and
healthcare to assimilate it as real knowledge to tackle the infection.?’
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FIGURE 11
is going up slightly in the beginning, and then it is coming down to

normal within 14 days

area pressure is going up a bit in the beginning, and then it is coming

down to the normal within 14 days
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Cybernetical approach with system dynamical modeling can provide
an intellectual framework that can transform data into knowledge. It
may be one of the many ways to understand the dynamics of the
virus.

This model provides a fundamental foundation in developing
Covid-19 patients.

implementing an anti-inflammatory or antiviral therapy may help in

therapies for It can be suggested that
preventing further injury.3® In general, the prognosis and recovery
from Covid-19 in its critical stages are poor. Prompt recognition of
Covid-19 and application of therapies such as anti-inflammatory and
anti-viral modalities are likely to limit disease pathogenesis and
improve clinical outcomes of Covid-19. The time period in which anti-
inflammatory treatments can be successfully administered to patients
is currently unknown. However, prompt initiation of treatment is
essential as an early response preventative measure for Covid-19
pathogenesis in patients. This model examines the relationship
between time and the onset of physiological outcomes. Hence, exper-
imentalists are able to use this model as a platform to examine the
most effective time window to administer therapies such as anti-
inflammation therapy to patients. Further analysis can suggest when
the subsequent duration of treatment to optimize favorable

outcomes.
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