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Costs per DALYs Averted of Quadrivalent 
Influenza Vaccine versus Trivalent Influenza 
Vaccine in Elderly Population in Thailand

ABSTRACT
Objective: Influenza is an infection of the respiratory system with a high annual incident rate. Influenza vaccine 
can reduce the severity of influenza and prevent transmission of the virus. Influenza vaccines in Thailand are the 
Trivalent Influenza Vaccine (TIV) and the Quadrivalent Influenza Vaccine (QIV). The cost and the effectiveness of 
the QIV in preventing transmission of the virus are greater than the TIV. Until now, no studies have been conducted 
to compare the economic impact of using QIV or TIV. This study aimed to evaluate the economic effects of using 
QIV versus TIV in Thai populations age 60 years and over.
Materials and Methods: The study was carried out from a societal perspective for cost per DALYs averted. A decision 
tree model was used to analyse the costs and DALYs averted of Thais after they received the vaccine.
Results: In a period of one year, it was found that in Thais age 60 years and over, the total cost of TIV was 2,445.19 
baht with 0.0094 DALYs and total cost of the QIV was 2,629.28 baht with 0.0082 DALYs and the incremental cost-
effectiveness ratio (ICER) of the QIV was 158,489.24 baht per DALYs averted. The acceptability curves demonstrated 
that the probability of QIV being cost-effective was 95% of the willingness to pay, being 1.2 times the Thai gross 
national income per capita. 
Conclusion: Therefore, in Thai people age over 60 years and over, QIV is more cost-effective than TIV. The results 
of this study can be used by policymakers to help inform their decisions about which influenza vaccine is more 
cost-effective.
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INTRODUCTION 
	 Influenza is a respiratory infection caused by the 
influenza virus.1 There are three types of viruses that cause 
influenza in humans: A, B, and C. Influenza A has been 
a cause of  worldwide pandemics (subtypes H1N1 and 

H3N2). Whereas influenza B has contributed to regional 
outbreaks only and influenza C is even less common.1,2 
Overall influenza occurs globally with an incidence rate 
of 5–10% in adults and 20–30% in children.3 
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	 The World Health Organization (WHO) estimated 
that there are up to 650,000 deaths associated with influenza 
each year.4 In Thailand in 2019, there were 390,733 cases 
with 27 leading to death. The mortality rate was 6.91 per 
100,000 population.5 

	 Vaccination is the most effective strategy to protect 
against influenza infection and to reduce its severity.2 

Each year WHO announces three virus strains that will 
be used in the manufacture for the trivalent influenza 
vaccine (TIV). Based on recommendations from WHO, 
Trivalent influenza vaccines contain two strains of A 
subtypes (H1N1 and H3N2) and one influenza B lineage 
from either the Yamagata or the Victoria lineage.6,7 

TIV effectiveness against A/H1N1 A/H3N2 and B/
Yamagata lineage were 65%, 24%, and 49%8, respectively. 
TIV needs to be evaluated annually to see whether its 
composition needs to be adjusted. This evaluation is 
based on the influenza strains that are expected to be 
in circulation during the upcoming influenza season. 
In Thailand from 2007 to 2012, there was a mismatch 
of 50% between the influenza B component of TIV and 
the result was a suboptimal vaccine. This mismatch led 
to the development of the Quadruple Influenza Vaccine 
(QIV). QIV contains two strains of influenza A and 
both B lineages (Yamagata and Victoria). QIV provides 
coverage and protection against the TIV-mismatched 
influenza B lineage.9 Currently, the United States, Canada, 
Australia and the United Kingdom recommend QIV.10 

The efficacy of QIV (immune response) is 70% and TIV 
is 59%.11,12 QIV would prevent influenza B 16% more 
than TIV.11 These studies have shown that QIV is more 
effective than TIV.
	 From a systematic review, the influenza vaccine was 
not cost-effective in the population ages 18-59 years from 
a societal perspective.13-15 So the influenza vaccination 
depends on each need. However some studies show the 
influenza vaccine was cost-effective in the population 60 
years and over from a societal perspective.16-25 The influenza 
vaccine is part of the health policy in Thailand and many 

other countries.26,27 In Thailand, QIV is recommended as 
an alternative to TIV, but is more costly.9 Also, hitherto 
now, a study had not been conducted comparing the 
cost-effectiveness of QIV and TIV. This study evaluated 
the cost-effectiveness between QIV and TIV from a 
societal perspective in Thai people ages 60 and over. 
Furthermore, the purpose of this study was to evaluate 
the economic outcomes between QIV and TIV and to 
develop a health policy for influenza vaccination.

MATERIALS AND METHODS
Study design
	 This study was a model-based economic evaluation 
in health technology assessment. A decision tree model 
was developed to compare the cost-effectiveness analysis 
from a societal perspective.

Intervention
	 There are 2 types of influenza vaccines in Thailand 
which are TIV and QIV. TIV includes influenza A (H1N1), 
influenza A (H3N2) and one lineage of influenza B 
which is based on recommendations from WHO, while 
QIV contains the same lineage as TIV and has another 
B lineage. The influenza vaccine is administered by an 
intramuscular injection of 0.5 ml once a year, due to the 
change in circulatory disseminated strains every year.

Decision Model
	 The decision tree model28 was used to perform 
decision analysis. The study population was divided 
into two groups, those who received QIV and those who 
received TIV. Afterwards, when any of the population 
bacame infected by influenza and received treatment 
in a hospital, they were divided into an inpatient or an 
outpatient group, which had different levels of severity 
for symptoms and expenses. The model is presented in 
Fig 1 and was developed and validated by two experts 
with M.D. and Ph.D. degrees.
	

Fig 1. The decision tree model
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Assumptions of the model
	 1.	 The study population is Thais ages 60 years and 
over.
	 2.	 The population in this model received the 
vaccination once a year.29

	 3.	 This model does not consider the occurrence of 
adverse reactions caused by receiving 3 species of TIV 
and 4 species of QIV.29-32

	 4.	 This model does not consider the very rare 
Guillain-Barré syndrome.33

	 5.	 This model does not consider the immunity.
	 6.	 The patients with symptoms of influenza infection 
received outpatient and inpatient treatment.
	 7.	 The coverage of influenza vaccination was 66%.33 

Time Frame
	 The economic evaluation was considered by using 
a 1 year study framework to track the results of receiving 
TIV and QIV, since the influenza vaccine can prevent 
influenza in the first year of the outbreak.

Probability of clinical outcomes
	 A systematic search was conducted in PubMed, 
Cochrane Library, Scopus and Science Direct. The 
keywords were “Thailand”, “Quadrivalent influenza 
vaccine”, “Trivalent influenza vaccine” and “effectiveness”. 
Two independent reviewers surveyed titles, abstracts, 
and articles based on the study eligibility criteria. The 
studies were identified as eligible for inclusion if they 
were published as full text and in the English language. 
All probabilities were obtained from the study which 
was included (i) randomized control trial, systematic 
review, or meta-analysis. If none of these were available an 
observational study was included instead and comprised 
(ii) a comparison of efficacy between QIV and TIV (iii) 
and injectable influenza vaccine (iv) through 2019. The 
studies were excluded if they met any of the following 
exclusion criteria: (i) non-English language and (ii) no 
full text. All probabilities are shown in Table 1.

Costs
	 All costs were expressed in Thai baht and are shown 
in Table 2. Cost of Quadrivalent Influenza Vaccine 
(per dose) was derived from the Hospital for Tropical 
Disease34 and cost of TIV (per dose) was derived from 
the health technology assessment program.33 All direct 
non-medical costs such as cost of transportation to the 
hospital, food, outpatient and inpatient treatment and 
productivity loss were obtained from the standard cost 
lists for health technology assessment in Thailand.33 

	 All costs were adjusted to 2020 values using the 
consumer price index from the Bureau of Trade and 
Economic Indices, The Ministry of Commerce, Thailand.

Disability weight
 	 Disability weight was used to measure outcomes. 
The humanistic outcomes were measured in disability 
weight for different health states after Thais received 
the vaccination. The average life expectancy in Thai 
people age 60 years and over was 14.49 years.36 Disability 
weights were obtained from health technology assessment 
programme33 and are shown in Table 3.

Sensitivity analysis
	 The one-way sensitivity analysis was performed 
by Microsoft Excel 2016. The parameter values were 
changed one by one, usually to a low and a high value. 
The results are presented by a tornado diagram. A Monte 
Carlo Simulation was used for probabilistic sensitivity 
analyses by Microsoft Excel 2016. All variables were 
randomized 1,000 times by probability distribution and 
the ICER estimated. The result is presented as a cost-
effectiveness plane.

RESULTS
Cost-effectiveness analysis
	 The cost-effectiveness analysis was conducted from 
a societal perspective. It analysed the cost-effectiveness of 
the TIV and QIV vaccination in Thai population 60 years 
of age and over. The result shows that the total cost of 
TIV was 2,445.19 baht with 0.0094 DALYs while the total 
cost of the QIV was 2,629.28 baht with 0.0082 DALYs, 
and the incremental cost-effectiveness ratio (ICER) of 
the QIV was 158,489.24 baht per DALYs averted.

Sensitivity analysis
	 The one-way sensitivity analysis in Fig 2 was presented 
by a tornado diagram. The results showed that probability 
of illness from TIV was the variable with the most impact 
on the ICER.
	 The probabilistic sensitivity analysis in Fig 3 
presented the incremental costs and DALYs averted for 
QIV compared with TIV as a cost-effectiveness plane. 
Each variable was randomized 1,000 times by the Monte 
Carlo simulations. The base-case ICER was presented 
in a yellow point and falls below the willingness to pay 
160,000 baht. This revealed a probability of 95% that 
QIV was more cost-effective than TIV as shown in  
Fig 4.
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TABLE 1. All parameters used in the decision tree model.

Probability parameters	 Distribution	 Mean	 SE	 References

Transitional probabilities

Trivalent influenza vaccine (TIV)

Probability of remaining healthy	 Beta	 0.5900	 0.0408	 Health Intervention 	

				    and Technology 

				    Assessment 

				    Program33

Probability of changing health state from healthy	 Beta	 0.410	 0.0408	 Health Intervention 

to influenza infection				    and Technology 

				    Assessment 

				    Program33

Probability of changing health state from healthy	 Beta	 0.969	 0.000172	 Health Intervention 

to influenza infection with received an outpatient				    and Technology 

treatment				    Assessment 

				    Program33

Probability of changing health state from healthy	 Beta	 0.031	 0.000172	 Health Intervention 

to influenza infection with received an inpatient				    and Technology 

treatment				    Assessment 

				    Program33

Quadrivalent influenza vaccine (QIV)

Probability of remaining healthy	 Beta	 0.616	 0.0419	 Health Intervention 

				    and Technology 

				    Assessment 

				    Program33

Probability of changing health state from healthy	 Beta	 0.394	 0.0419	 Health Intervention 

to influenza infection				    and Technology 

				    Assessment 

				    Program33

Probability of changing health state from healthy	 Beta	 0.970	 0.000169	 Health Intervention 

to influenza infection with received an outpatient				    and Technology 

treatment				    Assessment 

				    Program33

Probability of changing health state from healthy	 Beta	 0.030	 0.000169	 Health Intervention 

to influenza infection with received an inpatient				    and Technology 

treatment				    Assessment 

				    Program33
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TABLE 2. Cost parameters used in the decision tree model.

TABLE 3. Disability weights used in the decision tree model.

Parameter	 Distribution	 Mean	 SE	 References

Health state
Disability weight of symptomatic influenza	 Beta	 0.005	 0.0018	 Health Intervention 
infection				    and Technology 
				    Assessment Program33

Disability weight of influenza infection	 Beta	 0.0078	 0.0073	 Health Intervention 
with out patient treatment				    and Technology 
				    Assessment Program33

Diability weight of influenza infection	 Beta	 0.0217	 0.0203	 Health Intervention 
with inpatient treatment				    and Technology 
				    Assessment Program33

Parameters	 Distribution	 Mean	 SE	 References

Cost parameters (baht)
Cost of Trivalent influenza vaccine          	 Gamma	 208.08	 20.81	 Health Intervention 
(per dose)				    and Technology 
				    Assessment Program33

Cost of Quadrivalent influenza vaccine              	 Gamma	 437.00	 43.70	 Hospital for tropical 
(per dose)				    disease34

Vaccination fee (per dose)	 Gamma	 79.52	 7.95	 Health Intervention 
				    and Technology 
				    Assessment Program35

Cost of transportation to hospital                  	 Gamma	 209.52	 20.95	 Health Intervention 
(round-trip)				    and Technology 
				    Assessment Program33

Cost of food (per meal)	 Gamma	 36.34	 3.63	 Health Intervention 
				    and Technology 
				    Assessment Program33

Cost of productivity loss due to getting	 Gamma	 384.07	 38.41	 Health Intervention 
vaccination (per day)				    and Technology 
				    Assessment Program33

Cost of an outpatient treatment	 Gamma	 386.136	 38.61	 Health Intervention 
				    and Technology 
				    Assessment Program33

Cost of care giver's productivity loss                	 Gamma	 384.07	 38.41	 Health Intervention 
(per day)				    and Technology 
				    Assessment Program33

Cost of an inpatient treatment	 Gamma	 9,221.71	 922.17	 Health Intervention 
				    and Technology 
				    Assessment Program33

Cost of care giver's food (per meal)	 Gamma	 36.34	 3.63	 Health Intervention 
				    and Technology 
				    Assessment Program33
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Fig 2. Tornado diagram showing the results of one-way sensitivity analysis

Fig 3. The cost-effectiveness 
plane between QIV and 
TIV

Fig 4. Acceptability curve
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DISCUSSION
	 The cost effectiveness of the TIV and the QIV 
vaccination was analysed in this study. The study consists 
of a societal perspective, which was done in the Thai 
population 60 years and over. This cost effectiveness 
analysis was conducted to facilitate decision making 
regarding the selection of a vaccine. According to the 
Health Intervention and Technology Assessment Program 
(HITAP) recommendation of willingness to pay, the 
threshold for Thailand is 1.2 times of the gross national 
income (GNI) which equals 160,000 baht.37 The results 
showed that QIV was more cost-effective than TIV with 
a probability of 95%.
	 Although TIV is a more attractive strategy for 
Thai’s children, it has yet to be determined that this is 
so for Thai’s elderly population.7 Therefore, this study 
which used detailed accounting for the elderly on such 
metrics as life expectancy and cost, should help to clarify 
the current situation. This finding finds support from 
a corroboration of other results from previous studies 
from Finland38, Germany39 Vietnam13 and China40 that 
indicates the QIV is more cost-effective than the TIV. 
	 According to the literature review, the effectiveness 
of QIV from studies in Italy, Canada, the USA, Taiwan, 
and Hong Kong were calculated from TIV.41-46 Previous 
studies did not provide an effective report of the QIV in 
the Thais. However, similar analyses on the effectiveness 
of QIV data were collected from Kittikraisak W, et al.9 

and other studies from numerous countries. These data 
declare that the different rate of effectiveness between 
QIV and TIV is 0.16-4.6%.9,17,41,43,47,48 However, vaccine 
effectiveness may be lower in Southeast Asia, and much 
lower in mass immunization campaign than in randomized 
trials.49 In this study, the probabilistic sensitivity analysis 
(PSA) was done to reduce of an absence of reliable data.
	 Data was not only gathered on the effectiveness 
from many studies in years with and without an influenza 
epidemic, but also through the use of sensitivity analysis 
to predict the likelihood of an epidemic. Thus, this result 
may be used to consider annual vaccination in a year 
with and without an influenza epidemic. Limitations 
of this study but should not affect the conclusion. This 
study neglected mortality rate unrelated to influenza 
because it was analysed over a 1 year period only. Even 
though the study showed that influenza vaccination 
was less effective in the elderly who, at times, had to 
boost their dose or receive a double dose, some studies 
demonstrated that effectiveness did not improve.50 Thus, 
this analysis did not focus on double doses or boosters. 
However, recent evidence reported that a high dose of 
influenza vaccination was more effective.51 The analysis 

of the cost-effectiveness of a high-dose of TIV or QIV 
is recommended for further study.
	 This study is exempt from Human Ethics Committee 
(No. 60/2561) and did not receive any specific grant from 
funding agencies in the public or commercial domains.

CONCLUSION
	 Quadrivalent Influenza Vaccine is more cost-effective 
than Trivalent Influenza Vaccine in the prevention of 
influenza infection in the Thai population ages 60 years 
and over from a societal perspective. The results of this 
study could contribute to informed decision making by 
policymakers.
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