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Abstract: Influenza is a viral infection that affects human respiratory
system: lungs, throat, nose etc. Influenza virus spreads from person to
person by sneezing, coughing as well as the fluid medium. Further, the
virus is carried to various parts ofthe human body to infect tissues during
swallowing, breathing, drinking. In the present model, we study the
diffusion of HIN1 virus in the viscous fluid medium via saliva which
will help to predict the spread of the virus particles in the esophagus.
According to that, a mathematical model is developed to simulate the
nature of Swine Influenza virus through the saliva driven by the natural
pumping mechanism. The BBO equation is considered for simulation of
progression of virus particles in cervical esophagus. The impacts of fluid
(saliva viscosity), and virus particle diameter have been analyzed and
addressed the significance of various pertinent physical parameters.

Keywords: Influenza virus; Swine Influenza; peristaltic motion; BBO
equation.

1. Introduction

The flu usually goes away on its own for most of living organisms and
affects the internal and external parts of the body. It causes a variety of
symptoms, some of which are severe enough to require hospitalization or
even result in death. Typically, there are four types of Influenza viruses found
le. A, B, C,and D. Influenza A is the only virus that can cause a pandemic
which is a global disease outbreak. Influenza B can cause a seasonal
epidemics which only affects humans. While Influenza B & C viruses lead to
mild illnesses'-3. Swine influenza (H1N1) is one of the types of influenza A
virus that causes the seasonal flu. Ram et al.* have studied the transmission
of Swine influenza virus in the esophagus with the transverse magnetic field.
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They showed that a magnetic field reduces the motion of the Swine influenza
virus particles. Further many researchers have studied the transmission of the
influenza virus and showed how virus transmission can be controlled®-’.
Analysts regularly examine how the Influenza virus changes and evolves in
nature. In this manner, it is found that Swine Influenza virus particles are
spherical in shape with diameters from 80-120nm8. Complex flow
phenomena are involved in the behaviour of virus particles within the human
body. To understand how the Influenza virus spreads throughout the
gastrointestinal system, physical interpretation of virus propagation inside the
esophagus is crucial. In this way, using the Basset-Boussinesq-Oseen (BBO)
equation, Maxey and Riley? have given the expression for the motion of
particles inside the non-uniform fluid flow. BBO equation describes the
motion of nano-size spherical particles in non-uniform unsteady flow which
is the sum of virtual mass, gravity, buoyancy, viscous, and Basset forces.
Based on the BBO equation, Tripathi et al.1 studied the transmission of virus
particles through the blood flow in the vessels. They showed how the thermal
effect controls the transmission of the coronavirus. Islam et al.1! discussed
how far SARS-CoV-2 can go through the respiratory system. Smith et al.l?
demonstrated that severely infected individuals with high viral loads in their
saliva and super spreaders who release a lot of aerosols are likely to be much
more deadly transmitters of infection. However, no literature examined Swine
influenza virus transmission through viscous fluid in the esophagus with
peristaltic pumping considering the effect of virus diameter, virus density,
and fluid viscostty.

Keeping in view the gap in the literature on virus movement in a viscous
medium, a mathematical model is developed to investigate virus propagation
through the saliva driven by the peristaltic pumping. Peristaltic pumping is a
unigue form of pumping that makes it simple to move a variety of complex
rheological fluids from one place to another. The mechanism includes
involuntary periodic contraction followed by relaxation or expansion of the
ducts. This pumping can be observed in food transport in the digestive tract,
blood flow in vessels, urine flow from the kidney to the bladder, etc. On
peristaltic flow, some important investigations!®-17 have been reported.
Expressions are derived for virus particle axial and transverse velocities to
see the propagation along the saliva movement. This study provides
observation, which will aid in understanding how the influenza virus
transmits through fluid flow in the digestive system.

2. Problem Formulation
2.1 Peristaltic movement of saliva through the cervical esophagus
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In this analysis, a two-dimensional incompressible viscous fluid flow is
considered. The viscous fluid flow is governed by the peristaltic mechanism.
The governing equations for the same are considered as:

V.V, =0
av N . oy
p (5L + (V,.9)V,) = =V +u(v?V,)
where p, u, £, and p symbolize respectively saliva density, viscosity, time,
and pressure. V, = (ii;,7,,0) denotes the velocity vector of saliva. We
assume that the fluid (saliva) flow is governed due to the rhythmic

propagation of the walls (i.e., peristaltic pumping) as shown in Figure-1, and
walls propagation is mathematically formulated as:

2) h(x,t) = a, +ac052§(f—cl’),

(1)

where h and a represent respectively transverse vibration of the walls and
amplitude of the wave. c, A denote the wave velocity, and wavelength of the
cervical esophagus (channel) respectively. R, =a +a, is the half-width
of the channel.

Cervical esophagus L

Fig. 1. Schematic representation of the virus transport in peristaltic flow medium.
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considered asthe Laplacian operator. The flow transport under the lubrication
theory (low Reynolds number (Re € [0,¢]) and large wavelength number
€ <« 1) where the viscous effect is dominating. Neglecting the term of Re €

[0, €], we obtained the governing equations in the following forms:

R - .
wave number, Re =(”CTW) is a Reynolds number, and V%= ¢ is
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The following boundary conditions are considered as:
no-slip boundary condition at the wall y = h, i.e. uf| L= 0, fluid stress
y=

condition at the center y = 0, i.e. %ﬁ = 0, rate of change of impermeab le
y=0

wall, i.e. Uf|y=h = Z—’; , regular condition as vfly=0 = 0) and pressure at inlet

and outlet are p|,,_, = p(0,¢t) and p|,_, =p(L,0).

The axial velocity, transverse velocity and pressure gradient are derived

respectively as:

19p » 2 2
“@) up =33 G — k),
=Y ohop _*p (2 _qp2
(5) V= 6 {6h6x dx  0dx? (y 3h )}'
op _ 1 X ah
(6) 9 = [G(t) + 3 ]
where G (t) is the arbitrary function of t and computed as:
fO h3 ffg?
) 6() ==

The pressure difference along the channel length can be computed as:

(8) Ap, = p(L,t) —p(0,t) = fL °2 dx.
The stream function can be defined as Uup = and Ve =—— and derived
as:
_op (¥ nly
©) l/)_ax(e 2 +3)'

2.2. Virus transport in cervical esophagus

The viscous fluid flow of the nano-size virus transport is described by the
Basset-Boussinesg-Oseen (BBO) equation at a low Reynolds number
(Jiménez-Lozano et al.!®). The Stokes’ drag force in relation to the BBO
equation to see the motion of virus transport in a non-uniform flow is
considered. The equation of motion of particles (viruses) in two-dimensional
form is =d3p, Ffﬂ = —3nd,ué {V, =V, }. Here V, = {u,,v,}is the particle
velocity vector, g is the gravity vector, p,, is the density of the virus, r = %’1

is the particle radius and d,, is the particle diameter.
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. . . u
The non-dimensional velocity components are defined as u, = —CE and v, =

2 The fluid characteristic time is defined as 7, = nL—C the fluid characteristic

L.
2

time is defined as 7, = %ﬂ. The nondimensional BBO equation with its

force terms per particle mass is given by

(10)

av, & S _
rri g(zjﬁ)(Vf—Vp)—ﬁl(Vf—Vp)'

where S = p,/p, is the density ratio, Sy = TT—” is the Stokes number. For the

spherical shape, the drag force and Stokes drag are the same however drag

force is defined as: Fy,o, = 3nd,ué (V;—V,), where & is unity for the

sphere. The axial and transverse components of the particle velocity vector
are expressed as:

du dv
(11) —2 = By(u;—u,) and —2 = Bi(vy —v,)
Thus, the solutions of equation (11) are obtained subjected to the boundary
condition wu,| _ =0,and v,| = 0:

12)  u,=e At foteﬁltﬂlufdt and v, =e At foteﬁltﬁlvfdt.

3. Numerical results and discussion

To analyse the behaviour of Swine Influenza (HIN1 virus)* in the region
of the cervical esophagus, we computed the axial and transverse particle
velocities of the HIN1 virus for two different values of fluid viscosity based
on the human saliva range in 0.89 —2.9 x 1073, Then we discussed the
variation in the normalized axial particle velocity with time for a better
understanding of the virus propagation in the viscous fluid medium. At last,
the influence of the virus particle diameter on the velocity profile is discussed.
Based on the Sharp et al.8 study of the swine influenza virus, the diameter of
the HIN1 virus is taken in the range of 80-120 nm, and the density p, =
1100kg/m3 of the HIN1 is retained for the more accurate result of the
present analysis. From the literature survey!8, it is found that the length of the
cervical esophagus is about 5-6 cm long with a diameter in the range of
1.4- 1.5 cm, where saliva is transported into the esophagus through peristaltic
motion*29 whose viscosity varies from 0.89-1.29x 1073. Based on that

2
parametric values, the particle relaxation time 7, = % and the fluid

characteristic time 7, = ﬂL—C is calculated. Further, the effect of stokes’ drag
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force for the HIN1 virus on the viscous fluid medium is calculated by using
the relation between particle relaxation time and fluid characteristic time as

(SN = 3}) And the density ratio (S = p,/p) of the particle to fiuid is about
1.104. For the computational simulation of the virus particle in the cervical
esophagus, the parametric value of the B, = i(i) is calculated for the

S, 2S5+1
1 =0.89x1073. v
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Fig. 2. Effect of fluid viscosity on (a) axial virion velocity (b) transverse virion
velocity for Swine Influenza.

Figures 2 (a & b) show the profiles of axial and transverse velocities of the
H1N1 virus for different values of fluid viscosity. From figure 1a, it is found
that the fluctuation in the axial particle velocity is more for the u = 0.89 X
1073 than 1.29 x 1073 It means that the less viscosity is responsible for the
increment in the axial particle velocity as shown in Fig 2a. Similarly,
transverse particle velocity is more for the small viscosity as compared to the
high viscosity which is depicted in Fig 2b. From this result, it is concluded
that during the drinking process, the thickness of the viscosity is reduced
which is highly spreading the transmission of the HIN1 virus in the cervical
esophagus.
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Fig. 3. Normalized axial velocity with respect to time for different diameter of HIN1 virus.
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Figure-3 shows the variation in normalized axial virus velocity with time
space for different virus diameters. It is seen that the normalized axial virus
velocity decreases in the initial time period to maintain the flow and further
behave asymptotically. Also, there is negligible change is observed in the
normalized axial velocity for both values of virus particle diameter, i.e. d,, =
90nm and 110nm. Since the density of the virus particle does not vary due
to the virus diameter that means the flow behaviour is almost similar at any
position over time.
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Fig. 4. Axial and transverse virion velocities for (a) d,, = 90nm (b) d, = 110nmat
fixed value of u = 0.89 x 1073,

Figure-4 shows the axial and transverse velocities of Swine Influenza for
different values of virus diameter. From the figure, it is observed that the
magnitude of both velocities is maximum for the d,, = 90nm as shown in
Fig. 4a. It means that the small virus particle rapidly propagates as compared
to the large particle d, = 110nm as depicted in Fig. 4b. However, the flow
pattern is almost similar for both diameters.
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Fig. 5. Contour plots of Swine Influenza virus for (a) d,, = 90nmand (b) d,, = 110nm.




392 Daya Ram, Kushal Sharma, D. S. Bhandari and D. Tripathi

In Fig. 5, the contour of the axial velocity is sketched which gives a better
understanding of virus transport phenomena associated with the physiological
system. This figure shows that virus particle streamlines are more
predominant close to the contraction region of the cervical esophagus. It is
noted that the maximum magnitude is attained near the contraction region.

4. Conclusions

Based on the simulated results, it is interesting to mention that the Stokes
drag force acting on the spherical particles of the HIN1 virus during the
motion, plays a significant role in the transmission of the virus infections
through Saliva. It is further concluded that the virus particles may be
circulated in the fluid flow medium where the flow is governed by rhythmic
propagation and more circulations of the viruses are reported in the contracted
region as compared to the relaxed region. During the drinking process, the
viscosity of the saliva is less causing the rapid movement of the HIN1 virus
into the esophagus, resulting in the infection may be transported to the kidney
or liver. It is further concluded that the small size of the virus particle is
rapidly propagated as compared to the large virus particle. This study will
help biomedical engineers to develop some technologies for controlling virus
transmission in the physiological transport phenomena.
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