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ABSTRACT

This articleis the second wave on Indian pandemic for SEIR (Susceptible-Exposed-Infective-
Recovery) model with effect of time delay. We derived COVID-19 equations analysis part only
(COVID-19 equation Analysis 1- COVID-19 equation Analysis 9). The mathematical analysis is
very helpful for new researchers in Mathematical biology and COVID-19 part.
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1. Introduction

The same story is continued on first wave for COVID-19. Already we know that the history of
the COVID-19 spread. Recently it has been published lot of papers from COVID-19 cases( [1]-
[15] ).But this paper deals the new common COVID-19 equation with mathematical part only.

2. Indian second wave common COVID-19 equation
We consider the common COVID-19 equation on SEIR model [1]:

% — A—dS(t) - ASMI (1) - AS B (),

%:ﬂsa)'“ﬂﬁﬁ(t)' (t) - HE®) - dE(),
1)

%:yE(t)—(nHj)'(t),
%:nl(t—r)—dR(t—T)-
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The key function of the complete paper is equation (1) and Table 1 gives the parameter

description.
Table 1 Parametervalues of host model.
Parameter Description Range
A Number of new born host
d Death rate of host 1.99-2.15
B Transmission rate from infected sourceto 3-12.5
suspected host
B Transmission rate from infected host to 10-14 days
suspected host
H Incubation period of host 6.5-37.4
n Infectious period of host 18-130

3. COVID-19 equation Analysis 1

Consider the system of equations' initial values:

S(a)>0, E(a)x0, I(a)>0, a)>0,
ae[—r,O]. (2.1)
S(0)>0, E(0)>0, 1(0)>0, 0)>0,
4. COVID-19 equation Analysis 2
Where(S(t), E(t), I (t), R(t))of (1) satisfying conditions (2.1), we have lim sups (t)< HA

Then,t, > Osuch that S(t,) > EAand S(t,)>0, we have

S(t)=A-dS(t)—(B+A)SWIE)<—(B+4)S®I{)<0.5(t,)> gwhichcontradiction is to

S(t,)>0.
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5. COVID-19 equation Analysis 3

From (1):

—j(d+(ﬂ+ﬂ1)|(6))d9 t _j‘(d+(ﬁ+ﬁ1)|(6))d9
S(t)=S(0)e ° +jAe de,

0

EQ) =EOe "+ [ (5+8)S(2)l () e,

t
I(t) = 1(0)e ™" 4 j LUE(g)e g g
0

R(t) = R(0)e " + j[nl (e —7)e "de.

LetN(t):[s(t)+E(t)+(“+d) ! (t)+iAR(t+r)},

Letc:min{d,%,md,d}.

%[N (t)]- A_ds(t)-¥5(t)_(“+dgfl’”d) (t)+71 (t+r)—:7j—;R(t+f)

< A-ds (1)-4° E(t)—(ﬂ+d2)/(;7+d) | (t)-g—;R(tH)

< A_c[s(t)+E(t)+(”+d) | (t)+iR(t+1)} —s—cN.

2u nA
6. COVID-19 equation Analysis 4

(B+5)Au

The basic reproductive ratio of virus for system (1) is given by R, = g

Infection-free equilibrium: P, = (EA,O,O,OJ ,
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Absent infection equilibrium:
p_((ﬂ+d)(ﬂ+d) A d(n+d) Au d oj
) =

ﬂ(ﬂ"‘ﬂl) ’/vH'd #(ﬁ+ﬂ1)’(ﬂ+d)(ﬂ+d)_ﬂ+ﬁ1'

Present infection equilibrium:

n(n+d)A-(S+4)ud d(n+d) 1id?
5 nd(n+d) n(n+d)A=(B+B)ud n(n+d)A—(B+p)ud’
) [(ﬁ+ﬁ1)ﬂ(77(77+d)A—(ﬂ+ﬁl),ud)_ } -
nd a

7. COVID-19 equation Analysis 5

das(t) _ _(IB +ﬂ1)A
~=aS() - =),
dE(t) _(B+B)A
dt d

S0 ew-(r+a)10)

dR(t)

| (t) - E(t) - dE(t), (3.1)

The characteristic equation of (3.1) is
(A+d)(A+d)[ A +(u+n+2d) 2+ (u+d)(n+d)-u(B+8)]=0. (3.2)

If 4, =d.are the two of the roots of the characteristic equation (3.2) and the other two roots are
found by considering A% +(u+n+2d)A+(u+d)(n+d)—u(B+p)=0.
(3.3)

If R, <1,then (u+d)(n+d)—u(S+p)>0and
(y+77+2d)2—4[(,u+d)(77+d)—y(,8+ﬂl)]>0.

We have

% (urnrad)x (urn+2d) -4[(urd)(n+d)-p(5+4)]
.= 2 '
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8. COVID-19 equation Analysis 6

Define a Lyapunov functional

~2s0-A] +Rew a0 mro- [ swe@RE@ia,

t—r

oy [ 50-5] (502 )5+ )s010 |+ A5+ £)sO10- (s 0) 0]+
X[ LE(t)—(7+d)1(t) |+n[n] (t) -dR®)]+ S EMR().

B+ /%)

I(t), we have

Since (B+4,)S®)I(t) :(ﬂ+181)|:8(t)__:| (

2 2 g
Fluy = d(S(t)——) (ﬂ+ﬂ1)l(t)(s<t)—dﬁj —[%-xu}em

{%—Xﬁﬂd)ﬂf} L(t) +[S(E() —nd | R().

A(,u+d)_(,6+ﬂ1)A2
ud (7+d)d?

x(x{('&Lﬂl)Az A(ﬂHJI)D,suchthat (ﬂ+dd)A—Xy>0and

>0, there must be a positive constant

Since R, <1reduces to

(n+d)d? " ud

(B+B)A
dZ

—x(n+d)+n*>0.

Suppose S(t), E(t), I (t), R(t)are positive and S(t) < EA holds, we have F{ , <Oand F , =0

4) 4)

iff(S(t), E(), I(t),R(t)) = ( ,0,0, oj

9. COVID-19 equation Analysis 7

==t (u+d)(p+d) A d(u+d) Au _d .
R =(S.E1.0)= ( w(B+p) ued u(BrA) (ued)(n+d) ﬂ+ﬂ1’oj’th

linearized equations of (1) at P, is
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as(t) _
dt
dE®) _
dt
S0 e0-(r+a)10)

%znl(t—f)—dR(t—r).

—(d+(B+B)T)SM)—(B+5)SI (1),

(B+B)IS(M)—(u+d)E)+(B+5)SI(H),
(3.4)

Therefore, the associated transcendental characteristic equation of (3.4) is,

(A-ne " +d)(2° +kA? + kA +k;) =0,

_ A d(u+d) A__dlurd)
Herekl—y+77+3d+ﬂ+d _,u(ﬂ+ﬁ1)’ kz—(/‘+’7+2d)(d+ﬂ+d u(ﬂ+ﬂ1)]’

ky=A(S+B)u—d(u+d)(n+d).
Let us consider,
A2 +kA? +k,A+k, =0.

d d
Clearly, if Ry, >1, we have k, = u+7+3d + A _ (#+d) > 0and
p+d  u(B+p)

ky=A(S+p,)u—d(u+d)(n7+d)>0hold; furthermore,

—k. = +n+ +A—d(ﬂ+d) +n+ +A—d(ﬂ+d)
o ks_[” T u(mﬂl)]((” ! Zd)[d u+d ﬂ(“ﬁl)ﬁ

~A(B+pB)u—d(u+d)(n+d)

From the Routh-Hurwitz criteria,
l—ne’“+d =0. (3.6)

From (3.6), we have

{U =—(n—d)sinut,

d =(n—d)cosut, (3.7)

v =7/2[77—d]2—d2.
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(,B+ﬂ1)ﬂ2d

, thenv? <0.
(u+d)(n+d)yd e s

If1<R, <1+

10. COVID-19 equation Analysis 8

LetS,(t) =S(t)-S,E () =E({)—E, 1 (t) = 1(t)-1,R,(t) = R(t) —R . Therefore, (1) becomes

BV (d+(8+)T)SO-(8+A)SOIO-(5+4)S10),
di(t) (B+8)SOIM) +(B+5) T8O ~(u+d)EMQ)+(+4)5 ()
¥_ E(t)—(n+d)I(t), 0
dF;ft)_ I(t-7)—dR(t— 7).
SO ——(a+(pA)T)sO-(8+A)SI)
dift) (B+B)ISE®)—(u+d)E@R)+(B+5,)SIE), 9
%_ Et)—(n7+d)1(),
%znl(t—r)—dR(t—r).
C(2)=2*+U2° +U, 22 +U A +U, - (VLA® +V, A2 +VA+V, e ™, (3.10)
Where,
U =p+n+4d+(B+4)1,
U, =d?+(u+d)(n+d)+2(u+n+2d)d+(B+ ) uSl +(B+4)1d
Uy =(u+n+2d)d?+2(g+d)(n+d)d+(u+n+2d)(B+ )T +(u+d)(n+d)T
+(B+B) dusT,
U, =(u+d)(n+d)d*+(u+n+2d)(S+4)1d +(u+d)(n+d)(s+4)Id
V,=d,
6518
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V, =(B+pB)uS,

V, =2(B+ ) udS +(S+B) ST,

V, =(B+B)udS +(B+p) udSI .

11. COVID-19 equation Analysis 9

If - =0, Eq. (3.10) become

AP +(U=V) 2+ (U, -V,) A% +(U, -V,)A+U, -V, =0. (3.11)

2
SinceR, >1+ (B+/)pd ,S>0,E>0,1 >0,R >0. By Routh-Hurwitz criteria, we get
(u+d)(n+d)yd

W, =U, -V, = u+n+3d+(B+ )1 >0,
W, = (U, -V,)(U, -V, ) - (U, -V,)

d?+(u+d)(n+d)+2(u+n+2d)d +(ﬂ+ﬂl)2,u8_l+}

(B+B)1d=(B+pB)uS

{(/,z+77+2d)d2+2(,u+d)(77+d)d +(,u+77+2d)(,8+ﬂl)l_+(y+d)(77+d)l_—}
2(B+PB) udS —(B+p,) uST

:(,u+77+3d +(ﬁ+,81)l_)[

u-v, U,-v, 0
W,=| 1 U,-V, U,-V,
0 U-V, U,-V,

=(U, -Vy)[(U, =V, ) (U; =V3) = (U, =V, (U, =V, ) |- (U, -V, )

Let a=(u+d)(n+d),b=p+pand c=p+n+2d.

W, = (C+d +b|_) {bl_d —~buS +al —2budS —b?uSI

d2+a+20d+b2yS_I+J (cd2+2ad+cbl_ j
X (
—(c+d+bl)(ad® +cbId +abld )

cd?+2ad+cbl +al + )
b2d 1Sl —2budS —b?uSI

Clearly, we have W, > 0.
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u-v, U,-v, 0 0
1 U,-V, U,-Vv, 0
W4= 2 2 4 4 =k4W3.
0 U,-V, U;-v, 0
0 1 U,-V, U,-V,
C(4)=0, Re(1)<0, forre[0,z,), (3.12)
vt —U i —U,0° +U 00 +U,, — (Vo' -V,0 +Vui +V, ) (cosvr —isinor) =0. (3.13)

After the real and imaginary parts have been separated, we have

(V4 -V, 0* ) cosut + (V3u -V,0° )Sin vr=v"-U,p*+U,,

(3.14)
(Vlu3 —V3U)COS vT+ (V4 -V, )Sin vr =Up’-U,.

1|o*-U,0*+U, V-V
Cosvr =— 3 )
Al Upv'-Up V,-V,u

1
ZZ[(UM —V, )00+ (V, UV, —UN; —UN, )0t + (U, —UY, —UV, )o* +ULY, |

_1 6 4 2
== (mo°® +mu* +mp’+m, ).
A

. 1|V, -V,o* o -U,p*+U,
Sinvt =— 3 3
ANMpv'-Voo o U’ -Ugo

_ —%[Vlve +(UN, =V —U N, )0* + (U, +U N, U, —UV, )0* +UV, -UV, |

L 6 4 2
=——(no® +np* +np?+n,).
A

Where,

A |Va -V,0° Vo-Vpl
Vo' VoV, -V,

= (V, ~Vo0? ) + (Voo —Viw® ) =V + (V, = 20, o + (V2 = 2V, )0 +V.2
=(g0° +g,v* + g’ +9,)>0.
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Notingsin® vz +cos® vr =1, it follows that

v +ho +ho +ho® +ho® +ho' +ho® +h, =0, (3.15)
Where,
l 2 2
hl=_2(m1 +2d1d2_gl)1
nl
h, = iz 2mm, +n2 +2nn, — 29,9, ),
nl
h, = %(mz2 +2mm, + 20, +2n,n, — g2 — 20,0,
1
1
h, = ?(me +2m,my +n3 +2n,n, — 29,9, — 29,9, ).
1
1 2
h, = F(m +2m,m, +2n,n, — g7 - 29,9, ),
1
1
h, = F(me +n; 29,0, ),
1
1
h7:—2(mf—gf)_
nl

Denoting: x =v?, (3.15) becomes

X" +hx® +hx° +hx* +h 3 +hx® +hx+h, =0. (3.16)
Assume

(C,) Eq. (3.16) has only one positive real root;

(C.)

I [406 +3(U7 —2U, -V o' +2(U] —V7 +2U, + VN, - 20U Jo* + U] —V7 + 2V, —2U2U4] >0
forany v>0.

Let X, be the positive roots of (3.16), denotingv, = JE . From the above, we get
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6 4 2

T, = i(arccos mlu"6+ mzu‘l - m3ug My ZinJ , i=012,..,

U 010 + 9,0 + 930, +0,
And
T, = iar(:(:os mlugl il mzui il m3u§ My i=0.

) G100y + 09,505 + 930, + 0,
{d_/lr (42743027 +20,4+U, ) L NAENAHY, 7 (3.17)

dr A(VA® +V, 22 4V, A +V, ) AVA®+V, A7 4V A+, ) A '

Noting (3.14), we have
(3U11)2 —U3)[(V11)3 —Vgu)COS T+ (V4 ~V,0° )Sin vr]

E vV
+(V; —3vio? ) (Vio* ~Vpo )+ 2V,0(V, —V,0? )

Re[dﬂ}_l L +(4U3 —~ 2U20)[(V4 —VZUZ)COS VT —(Vlu3 —Vsu)sin z)r]

(3.18)

1 {406 +3(U7 —2U, -V;? o' +2(U] -V7 +2U, + UV, — 20U, )o°
Y

+UZ -V +2V,V, - 20U,

Where V = (Vlu3 —V30)2 +(V4 -V 20° )2 >0. If the hypothesis (C, )is satisfied, ten (3.18)>0
will hold for any v > 0. So,

-1
Sign {Re[d—/ﬂ }:sign Re{d—/q
dr J|_. dr

4. Conclusion

Osign(.)=1.

=1,

This paper gives only the mathematical analysis part. It is very helpful for beginners of
mathematical biology and COVID-19 research. The same SEIR model compare to the real life
data, we will get the good result.
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