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Vaccination Dynamics of Chickenpox in Agona West Municipality,

Ghana

Abstract

The study shown that chickenpox cases in recent times have increased in Agona West
Municipality with Ry = 2. We estimated the reproductive number of chickenpox with
vaccination to be R, = 0.3 < 1 which shows that after vaccination, the disease will die out. We
estimated that 46.2% corresponding to 53,241 of the people needs to be vaccinated in order to
control the chickenpox. The stability analysis of disease free and endemic equilibrium point of
chickenpox transmission with vaccination was estimated to be unstable and asymptotically
stable. Sensitivity analysis of the SEIR model with vaccination showed that when the vaccination
rate coefficient is increase chickenpox will be under control.
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1.0 Introduction

Chickenpox (Varicella) is a highly transmissible infection caused by Varicella-Zoster-Virus
(VZV), a DNA virus of the Herpes group transmitted by direct contact with infective individuals.
In Europe, 90% of children get infected with VZV before 12 years of age and around 95% of

adults are immune to VZV (Nardone et al, 2007). Chickenpox is characterized by vesicular skin
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lesions, fever, mild fatigue and general malaise. The primary infection with Varicella - Zoster

Virus (VZV) causes Chickenpox. It is associated with pain and body itching (NCIRS, 2009).

Chickenpox (Varicella) vaccine is a live attenuated viral vaccine derived from the Oka strain of
VZV. The vaccine virus was isolated by Takahashi in the early 1970s from vesicular fluid from a
healthy child with varicella disease. Varicella vaccine was licensed for general use in Japan and
Korea in 1988 and later licensed in the United States in 1995 for persons who are 12 months of
age and older. The virus was attenuated by sequential passage in human embryonic lung cell
culture, embryonic guinea pig fibroblasts and in WI-38 human diploid cells. The Oka (Merck)
vaccine has undergone further passage through MRC-5 human diploid cell cultures for a total of
31 passages (MMWR, 2006).

The component of the vaccine contains small amounts of sucrose, processed porcine gelatin,
sodium chloride, monosodium L-glutamate, sodium diphosphate, potassium phosphate and
potassium chloride and trace quantities of residual components of MRC-5 cells, EDTA,
neomycin and fetal bovine serum. The vaccine contains no preservative and reconstituted with
sterile water (Leslie, 2009).

Esson, 2013, studied the epidemiology of chickenpox in Agona West Municipality and
estimated the endemicity of chickenpox with R; =2 and Mathematical models for the
vaccination dynamics of chickenpox and how the chickenpox can be controlled in the
Municipality are not known. This study therefore uses SEIR model with vaccination to model the
vaccination dynamics in the Municipality. Differential equations applications are used

extensively in many facets [9,10,11,12,13].
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2.0 Methodology

The population used for this study is Agona West Municipal and the data was obtained from
Agona West Municipal Health Directorate. We used SEIR model with vaccination to model the
vaccination dynamics of chickenpox. Ordinary differential equations[ | were used to formulate
the model equations. Stability and Sensitivity analysis was performed on the model equations

and Matlab software was used for the graph simulation.

2.1 Mathematical model

In the SEIR model, the total population is divided into four separate groups: Susceptible (S),
Exposed (E), Infective (I) and Recovered (R). Susceptible people can contract the disease if they
come into contact with the chickenpox, while those in the exposed group are individuals infected
but not yet infectious with the chickenpox and are not able to pass the chickenpox to others.
Infective are the individuals that are infectious and capable of transmitting the infection to any
susceptible that they come in contact and those in the recovered compartment are individuals
previously infected but now neither infected nor susceptible. They have an infection-acquired
immunity (permanent immunity). The proportion of individuals in each compartment S,E,I and R
at time t is given as S(t), E(t), I(t) and R(t).The figure below is the flow chart of the SEIR model

with vaccination.
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Figure 3.2: Flow chart of SEIR of chickenpox transmission with vaccination

Where

uN = Birth rate of susceptible population, 8 = Vaccinated rate coefficient, f = Infection rate,
Kk = Latency rate, y = Recovery rate and u = Natural death rate.

The model equations (Anderson and May, 1991) for chickenpox with vaccination are as follows

ds

o = N — BSI — pS — S (1)
o = BSI — uE — kE )
%=KE—ul—yl 3)
S =ly—uR+6S (4)

We estimated the reproductive number (R,) of chickenpox with vaccination using the next

Bx

PP The reproductive number (Rj) is defined as the expected

generation matrix as (Ry) =

number of secondary infections arising from a single individual during his or her entire
infectious period in a population of susceptible (Heffernan et al, 2005).

The reproductive number (R,) is a threshold that determines whether a disease will spread in a
population or dies out. Whenever R, is >1, the disease will spread in a population leading to an
epidemic and on average an infected individual produces less than one new infected individual
over the course of its infectious period and the infection populate. If R, is < 1, the disease will
die out in the population and each infected individual produces on average more than one new
infection and the disease will invade the population. ( Van den Driessche and watmough, 2002 ).

The equilibrium point of chickenpox with vaccination is (S*, E*, I*, R) =
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((uﬂ')(uﬂk) UBKN—(u+8)(ut+y)(u+k) pBRN—(p+6)(p+y)(u+k) uYBkN-Yk(u+9)(u+v)(u+k)+9((u+k)(u+w}2)
pk 7 Bk(pu+k) ’ BR(p+y) (n+k) ’ UBk(u+y) (n+k)

The stability analysis of the disease free and the endemic equilibrium point of the model with

—(u+0)—2r 0 —B 0
vaccination are given by | — Al = 8 —(u +ll: )% e +ﬁy) Y 8
0 0 ¥ —R—R
Bl —u+6)-1 0 —BS
and | — A = pI —(u+k)—2 BS
0 k —(u+y)—4

The eigenvalues of the matrix for the disease free and the endemic equilibrium point of
chickenpox with vaccination are A = =l — (u+ 60),A=—(u+k)and 1 = —(u + y)
3.0 Results and Discussion
In this study, we estimated the parameter values from the data obtained from the Agona West
Municipal Health Directorate as follows Transmission rate (f) = 0.026, Latency rate (k) =
0.036, Recovery rate (y) = 0.014, Death rate ( ) = 0.02, Vaccinated rate coefficient (8) =
0.00019 and Population (N)= 115,358

From the studies we estimated the reproductive number of chickenpox with vaccination to be
R, = 0.3 < 1 which shows that after vaccination, the chickenpox will die out and will not
populate. We estimated that 53,241 out of 115,358 people needs to be vaccinated against
chickenpox and this corresponds to 46.2% of the Agona West Municipality needs to be
vaccinated in order to control the chickenpox. We estimated the stability analysis of disease free
and endemic equilibrium point with vaccination to be unstable and asymptotically stable.
Sensitivity analysis of SEIR model with vaccination showed that the susceptible population

decreases sharply with time while the infective and recovered population also decreases
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asymptotically when the value of transmission rate (f) was varied from 0.08 to 0.65 as time

increases.
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Figure 1.0: Shows a graph of f = 0.65 keeping k, f and y constant at equilibrium

We observed that as the recovery rate (y) varies from 0.07 to 0.99, the susceptible population

decreases with no significant increase or decrease in the exposed population. While the infective

and the recovered population decreases asymptotically to the time axis as time increases.
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Figure 2: Shows a graph of y = 0.99 keeping 8 , f and k constant at equilibrium

We observed that as the latency rate (k) increases from 0.05 to 0.75 there is a sharp decrease in
the susceptible population from approximately 60,000 to 100 within the 4 years with more
chickenpox patients recovering from approximately 2 to 400 and a small increase in the infective
population from approximately 2 to 150 with a decline in the exposed population from

approximately 300 and asymptotically to the time axis as time increases.
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Figure 2: Shows a graph of k¥ = 0.75 keeping 6 , f and y constant at equilibrium

As the vaccination rate coefficient (8) varies from 0.02 to 0.96, we observed that more
chickenpox patients recovered from approximately 200 to 30,000 with a decrease in the exposed
population from approximately 300 to 250 with no significant increase or decrease in the

infective as time increases.
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Figure 2: Shows a graph of 8 = 0.96 keeping k, f and y constant at equilibrium

From the sensitivity analysis from the studies, We observed that vaccination rate coefficient (8)

was more sensitive to the model than the transmission rate () . latency rate (x) and the

recovering rate (y).

Conclusion

From the studies, we observed that if vaccination rate coefficient (@) is increase (more people
are vaccinated against chickenpox), chickenpox will be under control in the Municipality. We

estimated that 53,241 out of 115,358 people needs to be vaccinated against the chickenpox and

this corresponds to 46.2% of the people in the Municipality
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Recommendations

We call on all stakeholders in the health sector to come together to ensure that there is a law that
enforces all the health sector to keep up to date on all the diseases reported at the various
hospitals, clinics and the health centers due to the difficulties in obtaining data for research.

We recommend further studies on

(1) SEIR model using non constant population and incorporation of age.

(2) Researchers and students can extend the model to non constant population size and

to unequal birth/death rate
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