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GAME-THEORETICAL MODEL OF RETROACTIVE HEPATITIS B VACCINATION IN CHINA
Ali Chouhan!, Sohail Maiwand?2, Matthew Ngo!, Vooha Putalapattus

IDepartment of Biology, 2Department of Mathematics and Applied Mathematics, *Department of Psychology
Virginia Commonwealth University, Richmond, VA 23284, USA

Introduction ODE model of HepB transmission Results - Herd immunity and Nash equilibrium
e Hepatitis B (HepB) is one of the most common infectious diseases affecting e The population reaches herd immunity when the retroactive vaccination rate is
over two billion people worldwide. One third of all HepB cases are in China. — = 1wl = vC) + DV — S(ug + 3 + BI + €5C) ) . ; e
e China made significant efforts to implement a nationwide HepB vaccination v _ o v V3.HI = 5% (pow + 1) - o+ ot o L+ ot i+ — v | (o + ).
program and reduced the number of unvaccinated infants from 30% to 10%. ar pl = w) + 938 = Vg + ) The Nash equilibri o , o ution t
However, many individuals still remain unprotected, particularly those born dL € Nash equilibriuim vaccination raté, 73 y g 1S given as a solution 1o
— = (Bl +¢BC)S — L(po + o)
before 2003. It
d] V3NE = \/ 1oV Crotv (3. NE) — ¥,
e A catch-up retroactive vaccination is an important and especially cost- ar oL — I(po+ 1)
effective way to reduce HepB prevalence . dR 1 — gl +2mC — R where
— = L =gml + 7l — L
e We analyze a game theoretical model of HepB dynamics that incorporates C% Chotv(73) = P(S — L)P(L — I)(Cr + P(I — C)C¢)
government-provided vaccination at birth coupled with voluntary retroactive —=anl+ 1wrC — Cpg + 11 + 72) _ Blet+efCe o (C] L CO) |
vaccinations. Ble+ e€5Cepno + p po + M
Symbol Meaning Base value
HepB Ove rView ZO Eliar.inrraal.tior’[a"’[y rate (1)./07lfilrg)eﬁ’e;eyael’ar o3 —Optimlal individual Valccination rate
I HepB related mortality rate 7.6 x 107° per year ] U Population vaccination rate
16 Effective transmission rate 10 per year 3
€ Reducti.on factor for transmission from carriers 0.16 Z 0.95
e HepB is transmitted through contact with infected bodily fluids such as T Reouery rats from acute infection Hiodon E
b|ood, semen and saliva. Vs Recovery rate frqm (?hronic infection 0.025 per year g 0.2
Y3 Retroactive vaccination rate > 0 per year -8
] ) ] ] ] ) . i w Proportion of unvaccinated infants 0.1 per year § 0.15
e The transmission can occur during childbirth, blood transfusion, dialysis, g Probability of chronic infection 0.04 3
sharing of needle sticks, or sexual contact. In China, transmission of HepB L prenani o e o infection oy perveat ;o
from carrier mothers to their babies is most common. e 00 oS
Chaceine  Cost of HepB vaccination $3 e | | !
e HepB incubation period is 60-120 days. Tablo 1- Parametors of HenB dynamics %0 005 01 015 02

Population vaccination rate, 73

e An acute HepB infection lasts less than 6 months. . . - | - . | _— .
Fig. 2: The optimal vaccination rate 3, as it depends on the vaccination rate in the population. The point of intersection

e Thereis no specific treatment for acute HepB. ReSUItS _ Equilibria is the point of Nash equilibrium. The herd immunity is achieved when the optimal vaccination rate reaches 0.
e |t can develop into chronic liver infection causing cirrhosis or liver cancer.
e About 10-40% of chronic HepB cases require treatment by oral antiviral The disease free equilibrium Ey = (5, 0,0, 0,0, V) where Conclusions
agents. Almost 28 million patients in China require treatment, however, w1
less than 2% receive it. Sp=—1. L0 e A free, nationwide catch-up vaccination program for children and adoles-
fo Ho+y3+ Y ) p prog

[ [+ Y3 — oW cents in China is likely to be cost-saving and feasible.

- . " o po+y3+ Y e The herd immunity and the Nash equilibrium retroactive vaccination rates
Scheme of HepB transmission IS stable when do not depend too much on the percentage of unvaccinated infants. This
b w4 1 | - oy independence is caused by the relatively large vaccine waning rate.
Ro = 6;@ o +7v3+v pog+y1 pot+o [1 i Lo + Q1+ v — pwv <1 e [he retroactive (and repeated) vaccination is a necessary component of
and the endemic equilibrium E* = (S*, L*, I*, C*, R*, V*) where the HepB reduction and eradication efforts.

TMO TMO TMO “ﬂ/ﬂl g+ o 10 + 70 e There is a large difference between herd immunity and Nash equilibrium
pw(l —vC) P (BI +€5C) I e N ) pwvC S = - - rates. The Nash equilibrium rates are in line with the vaccine waning rate;

' ' ' ' ‘ p (1 + Euo+u1+72—uwv) but the herd immunity rates are about 2.5 times larger.

X
V|73 (1 —g)m 2 V* = pll —w) + 35 e |tis of interest to identify and evaluate other preventative measures such as
u(l—w) ~ Ho + e behavioral modification that would have a measurable effect on the trans-
NV O3 R % pw + PV — S (o + 73) mission of HepB.
vauﬁmgg—uwv 85"+ EﬁMoer:{yvlz—uwvs*
l/ﬁ() l,u() [ — Ho + 71]* A k
= cknowledgements
Fig. 1: Susceptible (.5), Latent infections (L), Acute infections (7), Chronic carriers (C'), Recovered (), Vaccinated (V). qy T*
The rates are explained in Table 1. C* — 1
Ho + H1 + Y2 — HWU The work on this project was done as part of the course MATH/BIOL 380 - In-
R* — (1—g)nl"+ 720*. troduction to mathematical biology. We acknowledge the help and support of our
0 classmates, the instructor Dr. Rychtar, and Dr. Taylor.

Is stable when Ry > 1.
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