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Background: Dengue is one of the most important vector-borne diseases, nearly 400000
reported cases in South East Asia and more than 2000 fatalities annually. The first of
dengue vaccine called Dengvaxia by the French company, Sanofi Pasteur, was recently
approved in Mexico, Brazil and the Philippines to be used for persons who are 9-45 years of
age.
Objective: The objective of this study was to estimate the effective of a vaccine to
dengue transmission and the cost-effectiveness of the vaccine in South East Asia (SEA).
Methods: The simulation and analysis was carried out using a mathematical model for
dengue transmission. The vaccine was given to a certain part of population in the
community and the number of dengue infections and incidences was then calculated. The
cost effective price of the vaccine was measured as disability adjusted life years (DALYs)
averted, and the incremental cost-effectiveness ratio (ICER) of the vaccination was
expressed in 2015 US dollars per DALY averted for the countries in SEA.
Results: The herd immunity was observed in the model simulation. The number of dengue
incidences was declined with increased vaccine coverage in the community. If a
vaccination program would be implemented the highly cost effective of vaccine per person
should be 25-28 US dollars in SEA country on the average.
Conclusions: Our results describe effects of the dengue vaccination to infections and
incidences. The price of the vaccine has been calculated and and it is different in each SEA
country due to several factors such as the number of incidences, the GDP per capita, the
hospital costs and the DALYs.
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ABSTRACT6

Background : Dengue is one of the most important vector-borne diseases, nearly 400000

reported cases in South East Asia and more than 2000 fatalities annually. The first of dengue

vaccine called Dengvaxia by the French company, Sanofi Pasteur, was recently approved in

Mexico, Brazil and the Philippines to be used for persons who are 9-45 years of age.

Objective : The objective of this study was to estimate the effective of a vaccine to dengue

transmission and the cost-effectiveness of the vaccine in South East Asia (SEA).

Methods : The simulation and analysis was carried out using a mathematical model for dengue

transmission. The vaccine was given to a certain part of population in the community and the

number of dengue infections and incidences was then calculated. The cost effective price of the

vaccine was measured as disability adjusted life years (DALYs) averted, and the incremental

cost-effectiveness ratio (ICER) of the vaccination was expressed in 2015 US dollars per DALY

averted for the countries in SEA.

Results: The herd immunity was observed in the model simulation. The number of dengue

incidences was declined with increased vaccine coverage in the community. If a vaccination

program would be implemented the highly cost effective of vaccine per person should be 25-28

US dollars in SEA country on the average.

Conclusions: Our results describe effects of the dengue vaccination to infections and inci-

dences. The price of the vaccine has been calculated and and it is different in each SEA

country due to several factors such as the number of incidences, the GDP per capita, the

hospital costs and the DALYs.
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INTRODUCTION28

The Dengue Fever (DF) is the most frequent mosquito-borne viral disease in humans and it has29

become a major international public health concern in recent decades. The disease can develop30

to a life-threatening syndrome called Dengue Haemorrhagic Fever (DHF) and Dengue Shock31

Syndrome (DSS). Nearly 400000 cases and 2000 deaths annually have been reported in South32

East Asia (SEA). The dengue fever is caused by one of the four distinct serotypes of dengue33

virus (DENV), DENV1-4 (World Health Organization, 2014). For the dengue virus, the infection34

is transmitted through an intermediate vector, the infected mosquitoes. The primary vector35

of DENV is Aedes aegypti and the secondary is Aedes albopictus. Only the female mosquito36

bite to extract blood in order to gain energy for egg laying (Centers for Disease Control and37

Prevention, 2014). Infection with one serotype appears to provide life-long immunity against38

reinfection with that particular serotype but not against the others. The first infection is normally39

asymptomatic or has only mild symptoms. Severe diseases including DHF and DSS is mostly40

occur to individuals who have already recovered from the first infection and are experiencing41

reinfection with a different serotype (Murrell et al., 2011). Dengue fever poses a heavy economic42

burden to the health system in a society. Among hospitalized patients, students lost 5.6 days of43

school and adults lost 9.9 working days per average dengue episode (Suaya et al., 2009) and over44

600 millions US dollars were spend on dengue related issues in SEA (Shepard et al., 2013).45

Vaccination is generally known as one of the most effective methods to reduce and control46

the spread of infectious diseases. Dengue vaccines have been under development for decades47

but they have been successful only recently. In late 2015, the first dengue vaccine, Dengvaxia,48

introduced by a French company, Sanofi Pasteur, was approved in Brazil, Mexico, and the49

Philippines (White, 2016; Sanofi Pasteur, 2015). It is a live recombinant tetravalent dengue50

vaccine that has been administrated as a 3-dose series on a 6 months interval for each dose.51

Over 40000 volunteers in 15 countries around the world participated in the dengue vaccine52

clinical study programme (Phase I, II and III). Of these volunteers, 29000 received the vaccine.53

Dengvaxia was shown to reduce dengue in all four serotypes in 65.6% of the participants and54

prevent 80.8% hospitalisations and up to 93.2% of severe dengue cases and 92.9% against the55

DHF (Guy and Jackson, 2016). The vaccine has been approved for use in individuals 9-45 years56

of age and live in endemic areas. Therefore only a certain part of the population can receive57
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Dengvaxia. The World Health Organization (WHO) has called for development of a dengue58

vaccine as an essential part of the integrated dengue prevention effort needed to significantly59

lower the dengue burden and dengue fatalities globally before 2020.60

For vaccination strategies, the questions arise as to what proportion of the population must61

be successfully vaccinated and what should the appropriate price of the vaccine in order that62

cost-effective.63

Several mathematical models have been developed to investigate dengue transmission dynamics.64

We used a specific dengue transmission model to estimate the efficiency of the vaccine coverage65

for optimal vaccine allocation. The vaccine is given to a certain part of the population in the66

community and its effects on infection and hospitalization. Also another aim of this study was to67

estimate the cost-effectiveness of the dengue vaccine in SEA countries.68

THEORY AND MODEL69

The general concept of the dengue transmission model is that the dengue fever is caused by one70

of the four serotypes DENV 1-4. Infection with one of the serotypes prevents reinfection by the71

same serotype but not by the others. Mosquitoes contribute the medium vector for dengue fever.72

Disease cannot spread from human to human or from mosquito to mosquito directly.73

Most of the theory about disease evolution is based on the assumption that the host population74

is homogeneous. Individual hosts, however, may differ and they may constitute very different75

persons. In particular, some persons may be more vulnerable to virus infection. The use of math-76

ematical models with imperfect vaccines can describe better this type of human heterogeneity.77

The dengue infection can be classified into two categories:78

Primary infection79

The primary infection or the first time infection with dengue virus has only asymptomatic80

symptoms or mild fever and medical attention is generally not required. After recovery form81

the infection, the life-long immunity for that serotype is developed in the body (Screaton et al.,82

2015).83

Secondary infection84

The secondary infection means infection by a second serotype. According to the ADE hypothesis,85

this usually entails larger pain and risk due to DHF and DSS. Most of the severe or hospital86
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incidences are caused by the secondary infection (Matheus et al., 2005).87

88

The model89

The model in this study is modified from the dengue transmission with multiple serotypes and

the secondary infection model by Lee (2015). For simplicity, the role of the climate is ignored

in this study. The parameter values correspond to the temperature 28.7◦C, which is the most

suitable temperature for dengue transmission (Liu-Helmersson et al., 2014; Polwiang, 2015).

See Table 1 for description. In Figure 1, i and j represent serotype 1 to 4 of the dengue virus

(DENV 1-4). Figure 1 illustrates the flow of population in this model. i is the primary infection

with Dengue virus serotype i (DENV i) and j is the secondary infection with Dengue virus

serotype j (DENV j). The human population is divided into two categories, non-vaccinated

Figure 1. Diagram of the model for mosquito (S,L, I) and human (U,V ) population, i is
indicate the number of serotype of primary infection and j is serotype number of secondary
infection. Note that j 6= i. There is no interchange between vaccine, V , and non vaccine, U ,
population and mosquito is infected with only one serotype.

(U) and vaccinated members (V ). Each category is divided into susceptible (US,VS), primary

infected with i serotype (U i
I ,V i

I ), recovery from primary infection (U i
R,V i

R), secondary infected

with j serotype (U ji
I ,V ji

I ), and full recovery (R). The third and fourth infections are very rare,
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so we assumed that individuals recovered from the secondary infection become immune to all

serotypes.

The total human population is N =US +VS +U i
I +V i

I +U i
R +V i

R +U ji
I +V ji

I +R. We investigate

the dengue transmission in the population of 100000 people. The non vaccine population

compartment, U , are as follows:

dUS

dt
= λN−

4

∑
i=1

bbhIi
MUS

N
−µhUS

dU i
I

dt
=

bbhIi
MUS

N
− (µh + r1)U i

I

dU i
R

dt
= r1U i

I −∑
j 6=i

bbhI j
MU i

R
N

−µhU i
R

dU j
I

dt
=

bbhI j
MU i

R
N

− (µh + r2)U
j

I

dR
dt

= (1−µd)r2U j
I −µhR

The vaccine compartment, V , is based on the imperfect random mass vaccination (Rodrigues

et al., 2014). We assume that the vaccine is full function for the vaccine population and ignore

the infection during the vaccination process to evaluate the effect of the vaccine coverage. In

this study, the vaccine is not administrated to new born children. The vaccine infection rate, v,

refers to the infection rate of vaccinated individuals. When v = 0, the vaccine works perfectly

and when v = 1, the vaccine is not effective at all and it is assumed that v is identical for all

serotypes. We have the differential equations for vaccine compartment as follows:

dVS

dt
=−

4

∑
i=1

vbbhIi
MVS

N
−µhVS

dV i
I

dt
=

vbbhIi
MVS

N
− (µh + r1)V i

I

dV i
R

dt
= r1V i

I −∑
j 6=i

vbbhI j
MV i

R
N

−µhU i
R

dV j
I

dt
=

vbbhI j
MV i

R
N

− (µh + r2)V
j

I

dR
dt

= (1−µd)r2V j
I −µhR

In this study, we assume that vaccine is imperfect. The number of dengue infection means

primary infection cases whereas dengue incidence means the number of the secondary infection
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only.

The term mature mosquito refers to a fully developed mosquito. The susceptible mosquito (SM)

bite infected human with dengue virus serotype i and develop to a latent period (Li
M). At this

stage, the dengue virus is still not ready to transmit to human. After the incubation period,

mosquitoes become infectious (Ii
M) with dengue virus serotype i. There is no compartment for

recovery because the mosquito life span is too short for recovering from the dengue virus and

mosquito carries only one serotype of the virus. The differential equations for a mature mosquito

are as follows:

dSM

dt
= sSE −

bbmSM

N

(
4

∑
i=1

U i
I +∑

j 6=i
U j

I +
4

∑
i=1

V i
I +∑

j 6=i
V j

I

)
−µmSM

dLi
M

dt
=

bbmSM

N

(
U i

I +V i
I +∑

j 6=i
U i j

I +∑
j 6=i

V i j
I

)
− (µm + c)Li

M

dIi
M

dt
= cLi

M + sIi
E −µmIi

M.

Pre-mature mosquito means the combination of egg, larva and pupae stages of a mosquito.

Generally, the dengue virus passes from an infected mature mosquito to egg. This is called a

vertical transmission, γ . We assume that the infected pre mature mosquitoes carry only one

serotype. SE denoted non-infected pre-mature mosquito and Ii
E designated infected pre-mature

mosquito with DENV i. We assume that pre-mature mosquitoes are infect with only one serotype.

The differential equations for a pre-mature mosquito is as follow:

dSE

dt
= a

1−
SE +

4
∑

i=1
Ii
E

K

(SM +LM +(1− γ)IM)− (s+µe)SE

dIi
E

dt
= a

(
1− SE + Ii

E
K

)
γIi

M− (s+µe)Ii
E .

Initial values90

In this study, the population is assumed to have no immunity against any serotype of the dengue91

virus at the beginning. The number of mosquitoes with dengue virus serotype DENV 1-4 are92

distributed equally. The total population is assumed to be 100000. The initial values are shown93

in table 2. All calculations are carried out by matlab with ode45 function.94
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Table 1. Description of the symbols in this study

Parameters Meaning Values
λh Human birth rate 0.000044
µh Mortality rate of the humans 0.00004
r1 Recovery rate of primary infection 0.333
r2 Recovery rate of secondary infection 0.143
γ Infection rate in mosquito’s egg 0.028
µe Mortality rate of the aquatic stage mosquito 0.143
µd Death due to dengue 0.001
µm Mortality rate of the mosquitoes 0.026
a Oviposition rate 7.75
s Pre-adult mosquito maturation rate 0.1307
b Daily biting rate 0.2177

bm Probability of infection from human to mosquito per bite 0.2
bh Probability of transmission of dengue virus 0.345

from infected mosquitoes to humans per bite
c Inverse of extrinsic incubation period 0.1105
K Egg carrying capacity 100000
t Time -
p Proportional vaccine coverage see text
v Vaccine infection rate see text

The parameters in this study are set to optimise transmission capability for the dengue virus at
constant temperature 28.7◦C (Liu-Helmersson et al., 2014; Polwiang, 2015).

Table 2. Initial values for differential equations

Parameters value
US 100000(1− p)
VS 100000p
Se 18000
Ii
e 100

SM 100000
Li

M 300
Ii
M 300

otherwise 0
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Table 3. Field studies and simulation results

Study site Study period Population Dengue Dengue
infection incidence

Rayong, Thailand (Sangkawibha et al., 1984) 1980-1981 1056 9.4% 0.4%
Bangkok, Thailand (Burke et al., 1988) 1980-1981 1757 11.8% 0.8%
Yogyakarta, Indonesia (Graham et al., 1999) 1995-1996 1837 29.2% 0.8%
Kamphaneng Phet, Thailand (Endy et al., 2002) 1998-2002 2119 7.3% 1.6%
Managua, Nicaragua (Balmaseda et al., 2006) 2001-2002 1186 9.0% n/a
This simulation 2 years 100000 13.35% 0.69%

Dengue incidence is the combination of severe and hospitalized dengue.

RESULTS95

Table 3 shows the numbers of dengue infections (primary infections) and hospitalized dengue96

(secondary infections) compared to several field studies. The period of simulation is 2 years and97

the initial values are shown in Table 2. When no vaccine is being administrated, we measure98

the numbers of dengue infections and dengue incidences and compare them to previous studies99

(Sangkawibha et al., 1984; Burke et al., 1988; Graham et al., 1999; Endy et al., 2002; Balmaseda100

et al., 2006). The term dengue incidence refers to a severe and hospitalized dengue in the field101

studies. The simulations show that 13.4%, 13350 infections, of the total population are infected102

with dengue virus and 0.69%, 687 incidences, are reinfected. The results given by the model103

are of the same magnitude as field studies, 9.4-29.2% for dengue infections and 0.4-1.6% for104

dengue incidences.105

106

Reduction of dengue infections and incidences107

Ignoring the time for vaccine receivers to develop immunity or the possibility for them to be108

infected may lead to over evaluating the effects of vaccination. In this study, the vaccine has109

given to certain portion of the population in the community to simulate the number of infections110

and it was assumed that the vaccine was effective at the time of the start of the simulation. The111

initial population for susceptible humans is 100000(1− p) and the vaccinated population is112

100000p, where p designates the proportion of the human population with vaccine. The rate113

p = 0.1 means that 10% of the total population has been given vaccine.114

The vaccine only administrated to the vaccinated members only once. The vaccine infection rate115
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Figure 2. Percentage of the dengue infections and incidences among the vaccinated population
(V ) as a function of vaccine infection rate (v). A: Dengue infection or primary infection. B:
Dengue incidence or secondary infection.

and coverage are very important parameters affecting the number of the dengue infections and116

incidences. Figure 2 shows the percentage of the dengue infections and incidences in vaccinated117

members as a function of the vaccine infection rate, v. The vaccine is given to 20% and 80% of118

the population, 20000 and 80000 persons, respectively. The simulations show that the percentage119

of dengue infection among the vaccinated members falls linearly and the dengue incidences120

drop sharply. When v = 0.4, the percentage of the dengue incidences declined from 0.69% to121

0.078% among vaccinated members which translates into 88% reduction of dengue incidences122

from the control condition ( non-vaccine program) of the vaccine coverage 20%, and the dengue123

incidences drop to 0.039% or 94% reduction, of the vaccine coverage is 80%. When v = 0.1, the124

percentage of incidences is only 0.004% or prevent 99% of dengue incidences and 0.002% or125

prevent 99% of the vaccine coverage is 20% and 80%, respectively. The difference of dengue126

incidence with vaccine coverage 20% and 80% is small for very low vaccine infection rate127

(< 0.2) and relatively high otherwise.128

Figure 3 shows the percentage of dengue infections and incidences in the total population as a129

function of the vaccine coverage, v, with various vaccine infection rates (0.1-0.4). When the130

vaccine coverage is 10%, the percentage of dengue infections among the total population reduce131

to 10.56-11.22% or 15.96-20.90% reduction from the control value depend on vaccine infection132

rate and the dengue incidences reduce to 0.46-0.50% or 27.3-33.2% reduction. When the vaccine133

coverage is 80%, then the percentage of incidence reduce to 0.04-0.06% or 91.3-94.2% reduction134
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Figure 3. Percentage of dengue infections and incidences in total population (N) as a function
of proportional of vaccine coverage (p). The value is adjusted to ratio with original value
(without vaccine introducing). A: Dengue infection or primary inflection. B: Dengue Incidence
or secondary infection. The vaccine infection rate (v) is 0.1-0.4.

of dengue incidences. The outcome of dengue incidences for equal vaccine coverage with135

different vaccine infection rate (0.1-0.4) is small.136

Cost effectiveness of the vaccine137

The cost of the dengue treatment is different in each country. For example, 3273 US dollars in

Singapore compared to 690 US dollars in Thailand and 314 US dollars in Indonesia as shown in

Table 4. The costs are based on the US dollar rate in 2015 with direct and indirect hospital costs

derived from Shepard et al. (2013). One important factor in infection control to consider is the

price of the vaccine. Dengue fever is generally not a life threatening disease, with approximately

0.1% fatality rate. If the price is too high, the vaccine target may not be reached and the disease

control may not be successful. In this section, we calculate the cost effectiveness of the dengue

vaccine for countries in South East Asia. In order to calculate the cost effectiveness of the

vaccine, we use the formula of the incremental cost-effectiveness ratio (ICER) or the cost per

DALY (disability adjusted life year) averted of vaccination. The formula of ICER for as follow:

ICER =
Costvaccine−Costno vaccine

DALYsno vaccine−DALYsvaccine
(1)

The cost effectiveness threshold was based on the gross domestic product per capita (GDP).138

Vaccination was considered to be highly cost effective when ICER was less than the GDP per139

capita, cost effective when the ICER was between one and three times the GDP per capita, and140
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not effective when the ICER exceeded three times the GDP per capita (Lee et al., 2011). Table 4141

demonstrates the dengue incidences in the countries of South East Asia per 100000 population,142

the hospital costs for dengue, the GDP per capita and the DALY (Shepard et al., 2013; The143

world bank, 2015). The expected cases after the vaccine introduction and the highly effective144

cost and the effective cost for vaccination also calculated and displayed in the table. The cost145

for vaccine is the total cost for all doses required for a full function of the vaccine. In this146

study, we assumed that the mass vaccine required 3 doses and conferred immunity for 10 years.147

The vaccine infection rate 0.4 was chosen because its efficiency is close to that of Dengvaxia148

(approximately 90% incidence reduction) and 0.1 was almost eradicates the dengue incidences149

in vaccinated members as shown in Figure 2. The conclusion of the cost effective thresholds150

for a 50% vaccine coverage with 0.1 and 0.4 vaccine infection rate are shown in Table 4. The151

highly effective cost threshold is different in each country from 4.86-5.34 US dollar per person152

for Vietnam compare to 235-258 US dollar for Singapore. The average highly effective costs153

threshold for South East Asia are 25.76 and 28.6 US dollars for vaccine programs with 0.4 and154

0.1 vaccine infection rates, respectively. The effective costs threshold with infection rate 0.4 is155

68.89 US dollars and infection rates 0.1 is 75.47 US dollars for average ASEAN country. For156

full detail of every countries, see the Table 4. If the vaccine covers a larger population, the price157

will lower and vice versa.158

DISCUSSION159

We studied the dengue vaccination effects via vector-host model with multi serotypes dengue160

virus. The vaccine was given to a population in the age group 9-45. Thus only a portion of the161

population received vaccine protection. We investigated the effects of vaccine coverage to the162

number of dengue infections and incidences and cost effectiveness of the vaccine.163

Our simulation set the parameters for dengue transmission to correspond to the optimal condition164

at temperature 28.7◦C to maximize the number of dengue incidence and other climate factors165

were excluded. The dengue infections and incidences are represent all age groups in this166

simulation but the field studies focused on children age. The children are more vulnerable to167

dengue fever than adult. Hence by averaging both condition, the result is acceptable.168
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The herd immunity169

The simulation shows that the dengue vaccine with vaccine infection rate lower than 0.5 can170

prevent hospitalization for more than 80% of those who received vaccine (Figure 2) thereby171

also reducing the number of dengue incidences in the non vaccinated population. Our results172

indicate that if the vaccine coverage is 20% (low coverage), this will reduce the dengue primary173

infection by 29-36% and the severe dengue (secondary infection) by 46-53% (Figure 3). More174

over, if the vaccine coverage is 80% (high coverage), the dengue primary infection is reduced by175

72-85% and the severe dengue (secondary infection) by 91-94%. Dengue incidence reduction176

is exhibiting the herd immunity in this study, particularly in the low coverage (< 30%). The177

percentage of reduction of the secondary infections is higher than the percentage of the vaccine178

coverage. When a critical portion of the population is vaccinated and immunized against the179

dengue virus, most members of the community are protected against that virus because there will180

be fewer opportunities for mosquitoes to contact infected persons and for infectious mosquitoes181

to bite non-vaccinated members. Therefore fewer mosquitoes are capable of transmitting the182

virus and this leads to an overall decline of the transmission risk for all people in the community.183

Price of the vaccine184

A price that is lower than the highly effective cost is the most preferable for the vaccine programs.185

Although, any price is not exceeding the effective cost is acceptable. The highly cost effective186

price of the vaccine in this study is more expensive than the previous study by Carrasco et al.187

(2011) which was calculated to be 150 US dollars for 3 doses with 10 years immunity compared188

to 235-258 US dollars in our study. However, in Carrasco et al. (2011), a lower DALY was189

used than in our study, 9-14 compared to 20.1. Lee et al. (2011) calculated that the highly cost190

effective price for a dengue vaccine in Thailand would be 60-100 US dollars which is more costly191

than our results (48-54 US dollars). The reason is the herd immunity excluded and the vaccine192

assumed lifetime immunity in Lee et al. (2011) study. Another calculation in Orellano et al.193

(2016) estimated that the highly cost effective price for vaccine in endemic areas in Argentina is194

84 US dollars for 3 doses vaccine. Currency exchange and inflation would affect the calculation195

of the vaccine price. Young children are more vulnerable to dengue infection than the adults196

(Guzman et al., 2002). In order to eradicate the dengue fever, some improvements in the vaccine197

are required to allow applicable for children under 9.198
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An important reason for considering the cost effectiveness of the vaccine is that a higher price199

of the vaccine may discourage people to purchase the vaccine. Another reason is that a higher200

price could encourage more manufacturers to develop the vaccine. The cost effectiveness of the201

vaccine varies from country to country in South East Asia. For Dengvaxia, full immunization202

requires 3 doses. The price is still undisclosed. Our calculation suggests that if the vaccine203

price is too high, the vaccination target may not be reached in poor countries. Simultaneous204

application of vector control methods and the vaccine program can have a positive effect by205

further reducing the number of dengue infections (Christofferson and Mores, 2015).206

Limitations of this study207

There are limitations in this study. The parameters in the dengue transmission were set to208

correspond to optimal temperature conditions. The number of infections may be overestimated.209

Also the parameter values may be different in each country. Efficiency of the vaccine is varies in210

each serotype (Guy and Jackson, 2016). During the phase III, CYD-TDV efficiency is 50.0%211

against DENV 1; 35.0% against DENV 2; 78.4% against DENV 3; 75.3% against DENV 4212

(Screaton et al., 2015). Moreover, the effect of the vaccine also depends on the age of the vaccine213

receivers. The country demographic is another important factor in the dengue transmission(Mbah214

et al., 2014). Another concern is changing pattern of dengue virus serotypes. For example, the215

major serotypes were inconsistent in Thailand: DENV1 in 2004 (56.41%), DENV4 in 2007216

(50%), DENV1 in 2008 (57.41%), and DENV3 in 2010 (38.7%) (Pongsiri et al., 2012). However,217

further medical investigation may be required to develop a more accurate model. Sanofi claimed218

that Dengvaxia work better for persons experienced primary infections but in this study primary219

and secondary infection share identical transmission probabilities.220

CONCLUSION221

In this study, a mathematical model for dengue transmission simulates the situation where222

the dengue vaccines given to a population to evaluate the efficiency of the vaccine coverage.223

The model demonstrates that the vaccine greatly reduces the number of dengue infections in224

vaccinated population and that also the number of infections among non vaccinated members is225

declined. In order to cover 50% of the population, the highly effective costs for dengue vaccine in226

South East Asia 25.76 and 28.26 US dollars with vaccine infection rates 0.4 and 0.1, respectively.227
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The overall cost in the region is close to the cost in Indonesia. Indonesia is the most populous228

country in South East Asia and it also has the highest DALY in the region.229

Several countries have approved the initial phases of Dengvaxia in December 2015. The vac-230

cination has not just reduced the number of infections among vaccinated members but also231

in the non vaccinated individuals. Researchers predict that it will take several years before232

the current vaccine is fully analysed, clinically tested and proven to be efficacious on the233

field to be administered to all age groups. This study provides guidelines how the vaccine will234

affect the dengue infections and incidences. It also estimates the cost effectiveness of the vaccine.235
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