Modeling the schistosomiasis on the islets in
Nanjing

Longxing Qi

School of Mathematical Sciences, Anhui University

LAMPS and Department of Mathematics and Statistics, York University

o YORK |

?’9 ‘ UNIVERSIT
2 <S5
ZunniS lAIlrlllnlanlnlllItnl caraitel systoms U NIV ERSITY

1/24



@ 1. Introduction

© 2. Model

© 3. Dynamics of the model

@ 4. Parameter estimation and simulation

© 5. Control and discussion

2013.4.12

2/ 24



Background: Patients, Schistosome, Snail




Background

@ Schistosomiasis

2013.4.12 4 /24



Background

@ Schistosomiasis
@ One of the most prevalent parasitic diseases

2013.4.12 4 /24



Background

@ Schistosomiasis

@ One of the most prevalent parasitic diseases
@ 207 million people



Background

@ Schistosomiasis

@ One of the most prevalent parasitic diseases
@ 207 million people
o Difficult to eradicate



1. Introduction

Background

@ Schistosomiasis

@ One of the most prevalent parasitic diseases
@ 207 million people
o Difficult to eradicate

@ Four factors in transmission:

2013.4.12

4/ 24



1. Introduction

Background

@ Schistosomiasis

@ One of the most prevalent parasitic diseases
@ 207 million people
o Difficult to eradicate

@ Four factors in transmission:
o Definitive hosts—-human, mammals

2013.4.12

4/ 24



1. Introduction

Background

@ Schistosomiasis

@ One of the most prevalent parasitic diseases
@ 207 million people
o Difficult to eradicate

@ Four factors in transmission:

o Definitive hosts—-human, mammals
@ Intermediate hosts—-snails

2013.4.12

4/ 24



1. Introduction

Background

@ Schistosomiasis
@ One of the most prevalent parasitic diseases
@ 207 million people
o Difficult to eradicate

@ Four factors in transmission:

o Definitive hosts—-human, mammals
@ Intermediate hosts—-snails
@ Schistosome

2013.4.12

4/ 24



Background

@ Schistosomiasis
@ One of the most prevalent parasitic diseases
@ 207 million people
o Difficult to eradicate

@ Four factors in transmission:
o Definitive hosts—-human, mammals
@ Intermediate hosts—-snails
@ Schistosome
o Water

4/ 24



Life cycle of schistosome
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1. Introduction

Two islets in Nanjing

P —

» oy e T R e
o gl
el SRS e g
St Xingweicun
i
s Fuh Sl e
ity Eorws  Reshor o

Hat Atey f

-
Honghuacun v e =

Shuangian I —

d o auomg
i tongauan  KEEKE,
NES.. S - A
i ;
e e Sty o
&= :
e i
FE Y deou Pl oo e z
y’ & N L YEaar M kit &
¢ s e DR 3
(R s o -
A £ S .. J
» hak Reservorr
N Baithucun i S 4
B Rl

2013.4.12

6 /24



Two islets in Nanjing

@ Two islets:

2013.4.12  7/24



Two islets in Nanjing

@ Two islets:
@ Qianzhou, Zimuzhou, in the center of the Yangtze River near Nanjing

2013.4.12 7/24



Two islets in Nanjing

@ Two islets:

@ Qianzhou, Zimuzhou, in the center of the Yangtze River near Nanjing
@ No human residents or other livestocks



Two islets in Nanjing

@ Two islets:

@ Qianzhou, Zimuzhou, in the center of the Yangtze River near Nanjing
@ No human residents or other livestocks
o Rattus norvegicus infected by schistosome



1. Introduction

Two islets in Nanjing

@ Two islets:
Qianzhou, Zimuzhou, in the center of the Yangtze River near Nanjing

No human residents or other livestocks
Rattus norvegicus infected by schistosome
Snails

¢ ¢ ¢ ¢



Two islets in Nanjing

@ Two islets:

Qianzhou, Zimuzhou, in the center of the Yangtze River near Nanjing
No human residents or other livestocks

Rattus norvegicus infected by schistosome

@ Snails

¢ ¢ ©

@ What will happen ?



Two islets in Nanjing

@ Two islets:

Qianzhou, Zimuzhou, in the center of the Yangtze River near Nanjing
No human residents or other livestocks

Rattus norvegicus infected by schistosome

@ Snails
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@ What will happen ?

@ How to control schistosomiasis on this two islets ?



2. Model

Model
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Figure: The flow diagram of schistosomiasis activities.
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2. Model

Model
dx.
dts = Ax — pixXs — BxXsYi,
dx;
ditI = Buxsyi — (hx + ax)xi,
d
j;s = Ay — HyYs — Byxi)/s, (1)
dy,
dite = Byxi)/s - (Hy + 9)}’67
dy;
7; = 0ye — (by + ay)yi.

° %, %: the density—-closely related to the area of the two islets.

@ Chunhua Shan and Professor Huaiping Zhu: The Dynamics of
Growing Islets and Transmission of Schistosomiasis Japonica in the
Yangtze River (To appear in Bulletin of Mathematical Biology)



Parameters

o A,, per capita reproduction rate of rats;

@ [y, per capita natural death rate of rats;

@ «y, per capita disease-induced death rate of rats;

@ [y, per capita contact transmission rate from infected snails to
susceptible rats;

@ Ay, percapita reproduction rate of snails;

@ uy,, per capita natural death rate of snails;

® «,, per capita disease-induced death rate of snails;

@ [3,, per capita contact transmission rate from infected rats to
susceptible snails;

@ 0, per capita transition rate from infected and preshedding snails

to shedding snails.

2013.4.12 10/ 24



Existence of equilibria

2013.4.12 11/ 24



Existence of equilibria

The basic reproduction number:

- AxAy 058
Ry = FV 1y _ 3 Y Y
o= ) \/ fchty (px + ) (py + ay)(py + 0)
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Existence of equilibria

The basic reproduction number:

_ AxA, 08,8
R _ FV 1 — 3 Y Y
o= (V™) \/ bty i & )ty + )ty + 0)

o The disease free equilibrium £y = (4,0, :‘—;,0, 0),

@ The unique endemic equilibrium E* = (x, x*, y¥, y%,y*) <Ro > 1
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Stability of equilibria
Using a Lyapunov function:
Vo= Byyexi{les — x5 —xIn(G)] + [xi — 7 — xi In(S5)]}

B¢y {lys —ye —yaIn(C)] + [ve — y2 — ye In(32)]
0 :
i — v =y InGEI,

and by LaSalle’s Invariance Principle, the stability is
Theorem

The disease free equilibrium Ey of the system (1) is globally asymptotically
stable if Ry < 1.

v

Theorem

For system (1), if Ry > 1, the endemic equilibrium E* is globally
asymptotically stable.

v
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4. Parameter estimation and simulation

Data

The data are based on the investigation of Nanjing Institute of Parasitic
Diseases in the period of 1996-1998.

Table: Dissection results of snails from Qianzhou and Zimuzhou islets in

1996-1998
Islet Year | No.dissected | No.positive (%)
Qianzhou | 1996 2677 53 (2.0)
1997 8205 53 (0.6)
1998 | 7538 234(3.1)
Zimuzhou | 1997 6324 25 (0.4)
1998 5440 27 (0.5)
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4. Parameter estimation and simulation

Data

Table: Dissection results of rats from Qianzhou and Zimuzhou islets in 1996-1998

Islet Year No.dissected | No. p05|t|ve (%)
Qianzhou | 1996.12-1997.3 69 43 (62.3)
1997.12-1998.3 53 34 (64.2)
Zimuzhou | 1997.12-1998.3 67 36 (53.7)
Total 189 113 (59.8)
2013.4.12
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4. Parameter estimation and simulation

Parameter estimation

parameters | values(per capita per day) references
Ay 0.00006 estimated;
Lhx 9.13 x 10~* Xugy,1999
i 8.33 x 107° Ishikawa,2006
Bx 0.007 estimated;
Ay, 0.108 estimated;
Ly 2.63 x 1073 Anderson,1992, Feng,2005
ay 4.67 x 1073 Feng,2005 and Zhou,1988
By 0.0009 estimated
0 2.5 x 1072 Allen,2003
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4. Parameter estimation and simulation

Simulation

Figure: The trajectories of x; and y;
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4. Parameter estimation and simulation

Simulation

Figure: The trajectories of x; and y;

o Ry=129>1,

@ Schistosomiasis will be prevalent on

this two islets.
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5. Control and discussion

Control measures

@ Rats:
@ Mousetraps
@ The rate of capture rats: 0.16—0.35/day
@ Expensive
@ ky be the rate of control rats per day,

@ Snails:

Molluscicides

The death rate of snails: 0.8—1/day
Cheap

k, be the rate of control snails per day.

¢ & ¢ ¢

@ Which one should we choose if only one of them can be chosen?
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Control model
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Control model

dx.

cTts = Ax = (kx + ki)xs — BxXsyis
dx;

7X = ﬁxxsyl- — (/,LX + kX + ax)Xia
dt

d

% = Ay = (uy + ky)ys — Byxiys, (2)
d

f = Byxiys — (py + ky + 0)e,
dyi

ar Oye — (1y + ky + ay)yi-

2013.4.12 18 /24



Control model

dx.
cTts = Ax = (x + ko )Xs — BxXsyi,
dx;

Xi BXXS,yI (Mx + kx + aX)Xi7
dt
d
% = Ay — (1y + ky)ys — Byxiys, (2)
d

Cj;e Byxiys — (ky + ky +0)ye,
dy,

— = 0ve =y +ky +ay)yi.

The basic reproduction number for model (2):

_ 3 AxAy, 08By
0 (px + kx)(ﬂy + ky)(ﬂx + kx + CVX)(Ny + ky + O‘y)(,uy + ky + )

*
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Sensitivity analysis

The flexibility of Ry to kx and k, are given by:
ER¢ 1 1 1
0 — _7kX( + )7
Ek, 3 fx + Ky fx + ki + o
ER} 1 1 1 1
0 = —Zky( + +
Eky 37y +ky oyt kytay oyt k40

).
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5. Control and discussion
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Sensitivity analysis

Figure: The plotting of |%| over k. and k,

VR
1

ER}
@ The blue curve: | 2| over k,,
X

@ The red curve: |%\ over ky,
@ The intersection point: k, = 0.019.

2013.4.12 20/ 24



Sensitivity analysis

@ Ry is more sensitive to k, than to k. when k, > 0.019,
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Sensitivity analysis

@ Ry is more sensitive to k, than to k. when k, > 0.019,

@ To control snails is easier to eliminate schistosomiasis than to control
rats as long as k, > 0.0109.
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5. Control and discussion
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5. Control and discussion

Compare two control measures

Figure: The trajectories of x;, ye and y;

@ The black curve: k. = 0.001 and k, =0,
@ The blue curve: k, =0 and k, = 0.01< 0.019,
@ The red curve: k, =0 and k, = 0.036> 0.0109.
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5. Control and discussion

Conclusion

If only one of control measures can be chosen
@ To control snails is more efficient than to control rats,

@ Make sure the rate of controlling snails be greater than 0.019.
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5. Control and discussion
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