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Abstract

We have proposed and analyzed the two SIS delay models for venereal diseases with susceptible,
asymptomatic, and symptomatic infectives. In the first model, we have considered that asymptomatic and
symptomatic have the same infection rate, and later model, symptomatic infectives are treated and have a
lower infection rate than asymptomatic infectives. In these models, the asymptomatic infectives stay in
the latent period to become infectious, which we considered a delay h > 0. The basic reproduction
number is derived through the next-generation method. The endemic and disease-free equilibriums are
proved to be locally stable through the Lyapunov method. The numerical simulation also confirms our
theoretical findings.
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Introduction

Raising cases of venereal disease is a measure of health concern in the world M. Venereal
diseases are communicable diseases contracted and transmitted by sexual contact via semen,
vaginal secretion, or blood during intercourse or using personal items such as the person's
towel and clothing contracted with venereal disease . In these diseases, there is a crisscross
type of infection in heterosexual contact between males and females. Gonorrhea, syphilis,
AIDS are some examples of venereal diseases. The highest incidence rate of venereal disease is
observed in 15-29 age groups. Venereal diseases induced little or no acquired immunity
following infection.

H.E. Wichmann ! described a threshold for the ratio of removal rates and infection rates. The
system will be disease-free if this ratio is large enough, and an epidemic will occur for the
small values.

Many venereal diseases show an asymptomatic infective class with no overt symptom until
quite late in developing the infection ™. Gonorrhea and syphilis © © are examples of the
epidemic with a latent period of becoming infectious. So, it is realistic to assume a time lag h >
0 during which infectious agents develop in the vector the latter become infectious or say
infected host stay in the latent period.

This paper will study two different models of venereal diseases having two types of infective
(Symptomatic and asymptomatic infective), which have a latent period for subclinical infection
to become infectious.

Mathematical Models
Model-1 [Where Symptomatic Infective are untreated] i—f =—BX{Y'(t—h)+W'}+yY +

nw,% =—B'X{Yt—-h)+W}+y'Y +9'W' % =pX{Y'(t—h) + W'} —yY —
dy’ Ivr - 1Av44 r
§Y, S = BT gyt gy 1)
dw aw’

E=5Y—TIW 7=5,Y,_TIIW’
In the presented model X (t)and X' (t) stands for male and female susceptible, Y (¢t) and Y'(¢t)
stands for male and female asymptomatic infective, W (t)and W'(t) are male and female
symptomatic infective 8 and B’ are average number of male and female
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susceptible infective per day,y andy’ denotes recovery rates for male and female asymptomatic infective per day,
n and n' represents recovery rates for male and female symptomatic infective and finally ¢ and ¢’ stands for transfer rates from
asymptomatic class to the symptomatic class. Finally, h is the latent period for subclinical infection. We consider the total
population of male and female is constant, i.e, X + Y+ W =N, X'+ Y + W' = N’,

Therefore,

!

dy dy
= BXW =) AW =Y =&Y — = B~ D)+ W= y'Y =&Y o (2)

aw =&Y w aw? =&Y’ '"W2
Equilibrium classification
The present model has following equilibriums,
1. Disease-free equilibrium (Y, Yy, Wy, W) = (0,0,0,0)

2. Endemic equilibrium (Y, Y/, W,, W,") = {L are

Nr+ap’ N+arpr’

a-a)——}

N+arpr

(1_a)Nl+ap'
Notingthat X, =N —Y, — W, ,X; =N' =Y, —W{ Xy =N — Yy —Wyand X, = N' — Y] — W} Here, a = ——, o' = —"—are

g+n' T Erp
% p = % are total removal rates for asymptomatic infective and ¢ =

proportion of infective that are asymptomatic and p =
NN' — ad'pp’.

Basic reproduction number
The reproduction number derived by next generation matrix approach given by,

BN =Y =W+ &Ny +Ene ™ —pY' + WY+ O + &' +

2BB'(Y +WHWN' =Y =W+ @ + )0+ W' + ENmm'e* +
BY'+WHO+OG +EMP+{B' W =Y —=WH[W' + &)y + Ene )2 —
4R+ + N +OW + MY + WY(N —Y — W)

Ro 20+ 00 + Oy

.(3)

Linear Stability Analysis

Theorem 1: The Endemic equilibrium is locally asymptotically stable if following conditions holds.
a  —[{—a11(2 + ay;) + 2a4;, + ag3} + byp{1 — (byy + byz + byz)h} +dyy] > 0.

—[{=b11(2 + by3) + 2by; + by3} — a4,{1 — (a3, + ay + ay3)h} +¢41] > 0.

a;3(1 + a;3h) — byp(1 + bizh) — (c11 — 2¢43) > 0.

bi3(1 + bizh) — a;,(1 + ah) — (dyg — 2dy,) > 0.

aoo

Proof: We use transformationU; =Y —Y,, U,=Y'-Y/, U;=W —-W,, U, =W'—W,"insystem (2), we have

du

—p = B = Ui+ YD) = (Us + WMV + Up(t = h) + Uy + Wi} —y(Uy + Y1) = Uy + 1)
du.

L =B W = Uy + 1) = (U + WY + Us (e = h) + Us + Wi} =y (U2 + 1) — €' (U2 + 1)
dU3 dU, ’ ’ ’ ’

ar WU+ Y1) —n(Us + W1):E =& (U +Y)) —n'(Uy + WY).

Now, consider the system for the endemic equilibrium and linearizing, we have,

% =—[BY] + W)+ y + &Uy + BX,U,(t — h) — B(Y] + WHU5(t) + BX, U, (D),
% =, + W) +y +&U, + B'Xl'Ul(t —h)+ ﬂ’X1’U3(t) — B'(Yy + W)U, (L), e o (4)
dU,

= 0,0 — 10y, = £ = ©
dt 1 NYs ! dt n '

Now, in (4) we assume that a;; = [B(Y] + W) +y + €], a;, = BX1, a3 =BV + W), by = [B'(YL + W) +y' + &),

by, = B'Xy, bz = ﬁ'(Y1 + W1),C1; =¢,c1p =n,dy =§,dp =1
Putting these values in the system given by (4),

du
d—tl = —a;1U; + a,Up(t — h) — ag3Us(t) + ag,Ul(2),
du
d—tz = —by,Uy + bypUs (t — h) + by, Us(t) — by3Uy(t),

dl]3 dl]4(t)
—— = 11U () — ¢1,U3 (t)'T =d;1U,(t) — dy U, (0).
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We can first equation of the system in the following form,

d t
T [Ul(t) + ,BXlUZ(s)ds] = —ay1U;(t) — ay3U5(t) + a, U, () + ay, U,y ... ... (5)

2
Let U;1(t) = [U1 () + ftt_h BX,U, (s)ds] ....... (6) Differentiating (5) and putting values from (5) and (6),
dt

t-h

=2 [U1(t) + f ai; Uz(S)dS] [—a11U1(t) — ai3U3(t) + arp{UL(E) + U (D)},
t—h
= 2[—ay, U (t) — ay;a,,U; (1) U (s)ds — ay3U, (£)U5(8) — a3U5(1) a; Uy (s)ds +

t—h t—h
t

a12{U4(t) + U (O3 () + (a12)*{U4(t) + U, (1)} U,(s)ds].
t-h
Using inequality a? + b? > 2ab,

dU;(” < —an 020 - 2282 [ 0200 + U3} ds - 2020 + U3} - 222 [ (u2(0) + U3
t—h t—h
22 w20 + 2030 + 030} + 2 [ w300+ vzeonas + L2 [ w3e) + voas
t—h t—h

= [2(=ay1 + a12) + ay3 — ay1a,,hUL () + {ay, + (a12)2h}U22(t)t_ {a;3 + a;3a,,h}UF(t) +

Ay + (a1)?RUZ () — {a12011 + as3a4; + 2(a1,)?} U3 (s)ds.

t—h
We define a Lyapunov functional,
Vl(t) = Ull(t) + Ulz(t) pewae s (7)
Where Uy () = = f,_, [ (@101, + assar, + 2(ar2)3U3(dl ds and
dUu ¢
d;z = —ayp{ay; + ag3 + 20,3003 (0) + arp{ay; + agz + 2a,,} U3 (s)ds
t—h
From (7) we have,
dav,(t) ) 5 5
di < {—a11(2 + ay3) + 2a;; + a;3}U7(8) + arp{1 — (a1 + ag, + ay3)RIUZ () — a3(1 + a3 U (L)

+ a;,(1 + a,h))UZ(L).
Similarly for the remaining equations of (5) we have,

dV,(¢)
dt

< {=b11(2 + byzh) + 2byy + by33U5 () + byp{1 — (b1g + byp + by3)hIUZ(t) — by (1 + byzh)UZ (D)

+ b1, (1 + by W) US(L).

T — (eur 20020 + V20, T =y, ~ 241 UFO) + dy U3

We define the Lyapunov functional for the given system,

dv (t

V() = V() + V() + V3(8) + V() = d(t ) < —{AUE(6) + A UZ(8) + A3U3 (8) + A UZ (D)}
Here,A; = —[{—a11(2 + ayp) + 2ay; + ay3} + byp{1 — (byy + byp + big)h} +dyy], Ay = —[{—b11(2 + byp) + 2by, +
bi3} — aip{1 — (a1 + as; + as3)h} + ¢4, A3 = a;5(1 + a;3h) — by, (1 + byyh) — (c14 — 2¢12), Ay = by3(1 + byzh) —
a2 (1 + agxh) — (dyg — 2dy5).
Denote A = min{A;, A,, A3, A,}. Then, V(t) + A ft* UZ(s) + UZ(s) + U2(s) + U2(s)]ds < V(T*)for t=>T*. Therefore
lim sup [.[UZ () + U3(s) + U3(s) + U2 (5)]ds < “52 < +oo. This implies UZ(s) + UZ(t) + U3(6) + UZ(6) € Ly (T*, +00).
On other hand, we can derive the uniform contlnmty U;(t) from boundedness of U;(t). Hence, UZ(s) + U2(s) + U2(s) +
U2 (s) also uniformly continuous U;(t). By Barbalat’s lemma, we can conclude that gim[Ul2 () + U2(t) + U2(t) + U2(p)] = 0.
Then the endemic equilibrium point is locally asymptotically stable if A; >0, i = 1, 2, 3, 4. Also from the numerical

simulation we find that the perturbations U;,i = 1,2,3,4 are tending to zero for large time showing the asymptotic stability
of endemic equilibrium point (fig 1. a).

Theorem 2: The disease-free equilibrium is locally asymptotically stable if following conditions holds.
a. By =[2(0y +&) +BN(y + )h —2BN — B'N' = B’N"*h + f'N'(y' + §)h — §] > 0.

b. Bz =RG +&)+ BN +&)h— 28N — BN —B*N*h + BN(y + $h — &1 > 0.

C. B;=[-B'N +B*N?h—¢&+2n]>0.

d. B,=[-BN+B3N?h—-& +27n'] > 0.
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Proof: - Since at the disease-free equilibrium Y, =0, Yy =0, W, =0,W," =0 then Xj = N’, X, = N. Using these
values in linear system (4) and applying the same procedure as we use for in theorem 1, we have found the Lyapunov
function for each equation of model (4) at disease-free equilibrium,

av;
—r = [2BN =20y +©) = BN(y + ORIUZ(O) + [BN + B2Nh = BN(y + ORIUZQ) + [BN + B*NRIUZ(D),
d—tz =[2B'N' = 2(y' + &) — B'N'(y’ + EDRIUZ(0) + [B'N' + B*N"*h — B'N'(y' + EDhIUE () + [B'N'
+ B’ZN'Zh]Uz(t)
dv.
50 - ¢ - amuao +£0r0, T2 = (¢~ 2o + U3 0)

Now we define the following Lyapunov functional for the system (4) at the disease-free equilibrium,
av(t

V() = V(@) + Vo () + V5() + V, d(t ) < —{B,U,*(t) + B,U,*(t) + B3U3*(t) + B, U, (D)}
Where, B; = [2(y + &) + BN(y + h = 28N = f'N’ — fZN?h+ BN'(Y' + §)h — £, B, = 2( +§) + FN'(Y' +
§)h—2B'N' = BN = B*N?h + BN(y + h — &1, B = [-'N' + B>N"*h — & + 2n], B, = [-BN + f*N?h — ' + 277'].
Denote B = min{B,,B,,Bs,B,}, then, V(t)+B ft [UL2(s) + U%(s) + Us*(s) + U2 (s)]ds < vV(T*) for t=>T*
Therefore  lim sup UL (5) + Up2(5) + Us2(s) + U2 (s)]ds < V(”< +oo. This implies [Uy%(s) + U,%(s) +
Us2(s) + U, (s)] € L,(T*, +). Hence, similar as endemic equlllbrlum, we can conclude that gim[Ulz(s) + U,2(s) +

Us*(s) + U,(s)] = 0 . Hence, disease free equilibrium, is locally asymptotically stable if all B; > 0 = 1, 2, 3. Also from
the numerical simulation we find that the perturbations U;,i = 1,2,3,4 are tending to zero for large time showing the
asymptotic stability of disease-free equilibrium point (fig 1. b).

Model-11 [Where Symptomatic Infective are treated and have lower infection rate than untreated Infective]
We have the following system of ordinary differential equation,

ax ax’
E = _BXY’(t - h) — BXW' + ]/Y + TIW'E = _‘B’X’Y(t _ h) —B'XW + ]/’Y’ + T]’W‘
dy day’
E = ﬁXY’(t_h) + BXW’ — )/Y — fY,E = ‘B’X’Y(t — h) + B’X’W _ y!yl _ Ely/ o (9)
aw aw'’ ! 29144
S W, =Y ='W

Total population of male and female X + Y + W = N, X' + Y’ + W’ = N’ respectively. Here, B < 8 and B’ < B’ are the
number of male and female susceptible infected by symptomatic infective per day and rest of the parameters are same as
in model I. The above model can be reduced to,

o= (BY'+ BW)(N —Y —W) — (y + &)Y,

dy’
e B'Y +BW)YN' =Y —W") =G + &)Y ...(9)
dW —_ Y W dW’ — ny le

Fraie Y —nWw, a - ¢ n

Equilibrium Classification
We can see that our model has two equilibrium points
1. Disease free equilibrium (Yp, Y,', Wy, W,") = (0,0,0,0).

. P aare aare 1-a)are a(l-ar)e
2. Endemic equilibrium(Y,, Y;', W, W;") = [ , , () , (-an ]
Nrar+Arap " Na+Aarpr " Niar+apAr” Na+Aarpr

Notingthat X, =N-Y, — W, , X, =N'-Y —W/, X, :N—YO—W0 and Xy = N' — Yy — W;. Here, l: 1+

% ai =1 +f;—are reciprocal proportions of asymptomatic |nfect|ve -=1+ ZTE'% =1+ B—f, are the modlflcatlon p=
%, = f;,y Total removal rate of asymptomatic infective and e = NN' — AA'pp’.
Basic Reproduction Number

We use next generation matrix approach to derive the following reproduction numbers,

~)8~
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BN =Y =W+ +Ome™ =B (Y +2W) (n + OG' +m' +
285 (V' +5W ) (V' =Y = W) + OO +E)0 + O + e +
i{ﬁ (v +2w) @+ O + ) + BN =Y = W0 + ) + e} -
o _NHE D0+ I+ O+ S (Y + FW) VY W)
° 20r + O + '

. (10)

Linear Stability Analysis

Theorem 3: The endemic equilibrium of the system (9) is locally asymptotically stable if following condition hold:
a Dy =3a; +2a14 — a;1(1 — (12 + 1)) — ay3 — byg(byh + {1 + byy — (2by; + byy — by3)}) > 0.

b. D, =—ay(ah+{1+ay — (2ay; +ays —ag3)}) + 3byp + 2byy — by (1 — (byz + bya)h) — byz > 0.

c. Dy =a,(1+a1h)—by3(1+by1h) > 0.

d. D, =—a,3(1+a;;h)by,(1+ by h) > 0.

Proof: We take the following perturbation U, =Y - Y,,U, =Y' -V, , U; =W — W,, U, = W — W, in system (9) for
endemic equilibrium. After linearizing the resultant nonlinear system, we have following equation,

T = XUt~ B) — (BY] + BW{) Uy + Us) + BX,U,(0) — (v + Uy

dUZ 1y/U1(t—h) ’ ’ 1v/Us3 ’ ’

W=3X1 _(ﬁ Y1+BW1)(U2+U4)+BX1 _(y +$)U2 . ....(11)
dU; du, , ,

W=EU1—17U3,E=5 U, —n'U,

NOW in the abOVG System assume that a1 = ﬁXl, A, = (ﬁyll + Ber), a3 = BXl, Qg4 = (y + f), b11 = ﬁ’Xll ,b 12 =
(B'Yy + BWy),bi3 =B'X, b1y = ' +&), ciy =8¢, =1, dy; =§,dip =7
Putting these values in the system given by (11),

dUu

d—tl = a1 Up(t — h) — a1,(Uy + Uz) + ag3U(8) — ag,U; (),

du.

d—tz = by Ui (t — h) — by1,(Uy + Uy) + bi3U3(t) — byaUp(2),

E = CllUl(t) - 612U3(t),ﬁ = dlle(t) - d12U4(t),. eree e e (12)

The first equation of (12) can be written as
| U® + [ a11Ua(0ds] = a13U5(0) = a12(Us +U) + asUs(8) = azsUs (0) .. (13)
Let Uy, (t) = [Ul(t) + [, a11Us(S) ds] 2o (14)

Differentiating (14) and putting values from (13) and (14),

% =2 [U1(t) + ftt_h a11U2(5)d5] [a11U5(8) — ay2(Uy + Us) — ay3Us(t) — a14Us (B)]

= 2[ay; Uy (U5 (8) + (a1)2Uz(8) [, Ua()ds — (a1 + a1 )UZ () + (a1 + @) a1 Uy (t) [, Up(s)ds —

a1 Uy (O Us(t) — a11a4,U3() ftt_h Uz(s) — ay3Us () U1 (8) + ay3a11U4(8) ftt_h Uz (s)].
inequality a? + b% > 2ab,

Using

2 t
dgtu < 2[—(ay; + a;)UE(t) + %{Ul2 () + U2(D)} + —(alzl) (U2(t) + U2(s)}ds —
t—h
G2+ @0 (* 2 4 u2()yds — B2 10200 + 020} - P22 [ W2(s) + UZ(O)ds
2 t—h 2 2 t—h
Az ., 2 ajzar; (* 2 2
F RO + vy + 2 [ i + U

t-h
< [{—2(a12 + as) + a1 —agp + ag3 — a3 — ag1(ag + a14)h}U12(t) +{a;; + (a11)2h}U22 )
+{—a;; — a11a12h}U§(t) +{as;z + a13a11h}[{5(t) + {(‘111)2 —ay1(a12 + q4) — A11Q12 + A11043}

X ft_hUzz (s)ds].

Now we define a Lyapunov functional,
Vl(t) = Ull(t) + Ulz(t) ...... (14) . .
Where, Uy, = {(a11)? — a11(2a1; + ag4 — a43)} ft_h fs U3 (Ddlds

du t
2 = {(a11)? — @11 2as; + ayq — a13)UF(O)} — {(a11)? — a11 (242 + ag4 — a43)} ft_h Uz (s)ds

= =
dt
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From equation (14) we have,
av.

(;t(t) < {=3a1; — 2a14 + agy — ay1(a1z + ardh + azUE () + [(a1)*h +a {1l +agg — s (2as; + a4 —
aiz3U () — a1,(1 + a; WUZ () + ag3{1 + a1 hIUZ (2).

Similarly for remaining equation of system (12) we have

dVZ(t) 2
dt < {=3by — 2byy + byy + byz — by1(byp + byi)R}US (L)
+ [(b11)?h 4+ by {1 + by — e (2byy + byy = by3)}UZ(t) — by (1 + by  W)UZ (L) + bys(1
+ by RUE (L)
dVs(t) av,(t)

= (c11 = 2¢1)U3 () + ¢, UL (D), = (dyg — 2d1)UZ (1) + dy,UZ (D)

dt dt

Now we define a Lyapunov function for the given system,

V) = Vi (6) + Vy(6) + Va(t) + Vy(6) > = D Do AV | dVs
(d)VE)l() 2(t) + V(1) 4():>E_E e

t
= < _[3(112 + 2ay4 —ayy + all(alz + a14)h —ay3 — (bll)zh _ bll{l + by, — (21’)12 by, — b13)}]U12 (t)

dt
— [=(a11)?h — a1, {1 + ay; = (2a12 + a4 — @13)} + 3byp + 2byy — by — by
+ by1(byp + b14)h]U22(t) —{a;,(1 +a;1h) —bis(1+ b11h)}Usg(t)
—{—a;3(1 + a; Wb, (1 + b11h)}U4 ®)
< —{AUE(t) + AUZ(8) + AUF () + A UZ (6)}
Here D1 =3ay; + 21, — ay1 + a11(ay; + a1)h — ayz — (by1)?h — by {1 + byy — (b1 + byy — b13)}, Dy = —(ay1)*h —
a; {1+ ay; — Qasp + aya — a13)} + 3by; + 2b1y — byy — byz + byy(b1y + bia)h, D3 = a;,(1 + ag1h) — byz(1 + by1h), Dy =
—ay3(1 + a1 h)by, (1 + byyh). .
Denote D = min{ Dy, D,, D3,D,}. Then, V(t) + D [ ,[UZ(s) + UZ(s) + U2(s) + UZ(s)]ds < V(T*)for t = T*. Therefore
lim sup [L[UZ (s) + U2(s) + UZ(s) + U2(s)]ds < 282 (T ) < +oo. This impliesU2(s) + U2(s) + U2(s) + UZ(s) € Ly (T*, +o0).
Hence we can conclude that . Therefore, the endemic equilibrium is locally
asymptotically stable if D; > BT 3)311 URIEO toHe 6o ufiefichl Siflulation we find that the perturbations Uy, i = 1,2,3,4 are
tending to zero for large time showing the asymptotic stability of endemic Equilibrium point (fig. c).

Theorem 4: The disease-free equilibrium is locally asymptotically stable if following conditions holds:
a. H =—BN—BN+2(y+& +BN{y +&h—B'N' —2B2N"?h— B’'B'N?h + B'N'(y’ + §)h — &>0.

b. H, =[-BN —2B2N2h — BBN?h + BN(y + )h—B'N' = B'N' +2(y' + &)+ B'N'(y' + EDh—&']1 > 0
C. Hy=[-B'N' —B'B'N?h—¢&+2n]>0.
d. H, =[-BN —BBN?h —¢& +2n'] > 0.

Proof: Since at the disease-free equilibrium Y, =0, Yy =0, W, =0,W," = 0 then X; = N',X, = N. Using these values in
linear system (11) and applying the same procedure as we use for in theorem 3, we have found the Lyapunov functions for each
equation of model (9) at disease-free equilibrium,

62? [BN + BN — 2(y + &) — BN(y + E)RJUZ(t) + [BN + 2B*N*h + BBN*h — BN(y + &)h]UZ(t) + [BN
+ BBNZhUZ(¢),
ddZZ [ﬁ 'N'+B'N' — 2(}/’+f’)—ﬁ’N’(y'-{—E’)h]Uzz(t)_i_ [ﬂINI+2ﬂ72N72h+ ﬁ!Brerh

—B'N'(y' + EHh]UE (t) + [B'N' + B'B'N"?hU3 (0),
= (§ —2mU23(t) + §UL (D),

PO _ ¢ -t + .

dt
Now we define the following Lyapunov functional for the system (9) at the disease-free equilibrium,
V() = Vi) + Vo () + V3(6) + VA (2) => - < —{B1U %(t) + BU,*(t) + B3Us*(t) + BLU,2 (1)}
Where, H; = [-BN — BN + 2(y + ¢) +/)’N(y +&h—pB'N' —2B"2N"?h— B'B'N?*h+ B'N'(y' + §)h — &],H, =
[-BN — 2B*N?h — BBN?*h+ BN(y + )h— B'N' —B'N' + 2(y' + &)+ B'N'(y' + §)h — §'],H; = [-B'N' — B'B'N"*h —
&+ 2n),H, =[-BN — BBN?h — & + 27'].
Denote H = min{ H,, H,, H3, H,}, V(t) + Hfi[ulz(s) + Uy%(s) + Us*(s) + U %(s)]ds < v(T*) for t > T*. Therefore
llm supf *[Ul (s) + U,2(s) + U32(s) + U,? (s)]lds £ —= V(T ) < +o0. This implies [U1 (s) + U,2(s) + U32(s) + U42(s)]
L (T* +00). On other hand we can derive the uniform contlnuny of U, (t), U,(t), Us(t), U, (t) from boundedness of
U, (2), U, (t), U3 (t), Uy (t). Hence Uy %(s) + U,%(s) + U32(s) + U, (s) is also uniform continuous. By Barbalat’s lemma, we can
conclude that is uniformly continuous gim[Ulz(s) + U,%(s) + Us%(s) + U,%(s)] = 0. Thus disease free equilibrium is locally
asymptotically stable if all H; > 0i=1,2,3,4. Also from the numerical simulation we find that the perturbations U;,i = 1,2,3,4 are

tending to zero for large time showing the asymptotic stability of disease-free Equilibrium point (fig 1. d).
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Numerical Simulation

We see that for the set of parameters N = 2,N' = 1.8, = .5,8' =.5,y =.03,y' =.03,,=.03,n' =.03,§ =.01,§ =.01,h =
15 the endemic equilibrium of the model | exist and stable as the perturbation are tending to zero as shown in fig 1.(a). Again, the
disease-free equilibrium of the model I is exist and stable for the set of parameters N =2,N' = 1.8, =.02,8' =.02,y =
.08,y =.08,n,=.01,n" =.01,& =.01,&" =.01,h = 15 as the perturbation are tending to zero as shown in fig 1.(b). Further, the
set of parameter N =2,N'=18,=.05p8"=.07,B=.03,B'=.04,y =.01,y' =.04,n,=.03,n' =.03,§ =.01,¢' =
.01, h = 15 ensures the existence and stability of the endemic equilibrium of the model 11 as the perturbation are tending to zero as
shown in fig 1.(c) and for the parameter set N =2,N' =1.8,8 =.05, 8’ =.065,B =.02,B' =.02,y =.08,y’' =.08,n =
.02,n" =.02,¢ =.01,&" =.01,h = 15 the disease-free equilibrium exist and stable as the perturbation are tending to zero as
shown in fig 1.(d).
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Fig 1 (a): Stable population distribution for Asymptomatic Infective male and female, Symptomatic Infective male and female in endemic case
against time
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Fig 1 (b): Stable population distribution for Asymptomatic Infective male and female and symptomatic infective male and female in disease-free
case
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Time Series Graph
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Fig 1 (c): Stable population distribution for Asymptomatic Infective male and female and, symptomatic infective male and female in endemic
case
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Fig 1 (d): Stable population distribution for Asymptomatic Infective male and female and Symptomatic Infective male and female in Disease
free case

Conclusion

Here, we analyzed two venereal disease models with delay having asymptomatic infective and symptomatic infective. After
analysis, we have obtained two steady states, disease-free and endemic, and conclude that these states are linearly asymptotically
stable under the condition involving the disease-related parameters. Thus, we can say that since the disease-free equilibrium point
is stable, therefore disease will not remain in the population; hence it will die out. The stability condition of the endemic
equilibrium point can say that disease will always persist in the population. From the reproduction number in these two models,

we can see that ash — oo, Ry — 0. Thus, from this result, we can conclude that if the latent period for subclinical infection of any
disease is too large, the disease will die out.
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