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ABSTRACT
Vaccination is an essential way to prevent the transmission of hepatitis B virus (HBV). Various studies have 
been published on the cost-effectiveness of HBV vaccination, but since the results vary according to the 
target population and related health outcomes, this study examined the cost-effectiveness of the 
universal HBV vaccination in Iran. In this economic evaluation study, a decision tree with the Markov 
model was used to compare the universal HBV vaccination with a strategy of non-vaccination. Health 
states used in the model included healthy, chronic hepatitis B, compensated cirrhosis, decompensated 
cirrhosis, hepatocellular carcinoma, and death. Analyses were performed from a payer’s perspective. 
Incremental cost-effectiveness ratio (ICER) per life-year gained, and quality-adjusted life-years (QALYs) 
gained were calculated at a 5% annual discount rate. The sensitivity analysis was conducted using Monte 
Carlo simulation. Analyses were performed using Microsoft Excel and TreeAge Pro 2011 software. In 2017, 
the estimated cost per dose for any HBV vaccine was $3.20 USD. The universal HBV vaccination was 
economically advantageous compared to non-vaccination, and the estimated cost of this program per 
life-year and QALY gained were $6,319 and negative (-) $1,183.85 USD, respectively. Given the uncertainty 
of all parameters, the model remained robust and reliable. In Iran, the universal HBV vaccination strategy 
for both health outcomes of QALY and life-years gained was cost-effective and advantageous. The 
vaccination strategy saved money, increased life years and improved quality of life. Therefore, it is 
recommended that this program continues to be provided.

ARTICLE HISTORY 
Received 12 July 2020  
Revised 7 October 2020  
Accepted 29 October 2020 

KEYWORDS 
Hepatitis B; vaccines; cost- 
effectiveness analysis; 
Markov Process

Introduction

Despite advances in health, Hepatitis B virus (HBV) infection 
remains a major health problem worldwide1,2 and more than 
2 billion people have been exposed to the infection.3 HBV is 
one of the leading causes of chronic hepatitis, cirrhosis, and 
hepatocellular carcinoma.1 Chronic HBV infection increases 
the risk of death from liver cirrhosis and hepatocellular carci-
noma by 15–25%.4

In 1991, the World Health Organization (WHO) recom-
mended widespread HBV vaccination of infants under the 
expanded program on immunization (EPI) in all countries to 
reduce the impact of HBV.5,6 Highly effective HBV vaccines 
have been introduced since the 1980s.7,8 In 1989, the Iranian 
Ministry of Health launched a pilot immunization program in 
four provinces. In 1993, vaccination was expanded to all pro-
vinces, and now vaccination coverage in infants is close to 
100%.6,9 Despite the national vaccination of infants against 
HBV, this infection is still a health problem in Iran. One 
study investigating the prevalence of HBV in the Iranian 
population,10 showed that the prevalence of HBsAg in was 
2.6% and the prevalence of HBcAb was 16.4%. However, 

a second study showed that the average prevalence of HBsAg 
in Iran was currently close to 0.9% with a significant reduction 
in the vaccinated population of 0.6%.11

A vaccine’s effectiveness describes the degree to which the 
vaccine reduces disease in the general population.12 In high- 
income countries, many technical advisory groups and relevant 
national institutions typically consider the results of health 
economic assessments for vaccine evaluation.13

Although effectiveness measures are often generalizable to 
different conditions and settings, costs are not easily transfer-
able between different settings and especially between coun-
tries. Therefore, the results of economic evaluations conducted 
outside a country should be used with caution for local condi-
tions and settings.14 Most economic evaluations of HBV 
immunization have been conducted in industrialized 
countries.15 However, few have been conducted in Iran. The 
economic effect of chronic hepatitis B infection has not yet 
been well identified.16 Given the current economic conditions, 
lower-cost strategies with high effectiveness are most likely to 
be of interest to health policymakers.17

The economic evaluation of HBV vaccination in Gambia18 

showed that this program was highly cost-effective compared 
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to non-vaccination. The cost-effectiveness ratio of the vaccina-
tion program from a payer’s perspective was 47 USD per 
disability-adjusted life year (DALY). A review of economic 
evaluations of HBV immunization19 showed that in countries 
with very low endemicity, such studies produced contradictory 
results. Further, in areas with low to high endemicity, the 
universal vaccination strategy was deemed consistently 
justifiable.

Various studies on the cost-effectiveness of HBV vaccina-
tion have been published, but as cost-effectiveness varies 
according to the target population selected as well as the out-
come measures,4 it remains useful to evaluate the cost- 
effectiveness of HBV locally. In countries with intermediate 
endemicity, such as Iran, most cases of HBV transmission are 
expected to occur in younger age groups.21 In Iran, the national 
HBV vaccination program for infants has been implemented 
since 1993,6 and given that no study has yet been conducted on 
this program, the present study evaluated the cost-effectiveness 
of this program.

Methods

Decision analytic model

In this study, a decision tree with a Markov model was used to 
estimate the cost-effectiveness of the universal HBV vaccination 
strategy. In the Markov model, the natural history of HBV infec-
tion had 6 states: healthy, chronic hepatitis B, Compensated 
Cirrhosis, Decompensated Cirrhosis, Hepatocellular Carcinoma 
and Death (Figure 1). The model began with a cohort of 33,204 
individuals who were vaccinated through the national HBV vac-
cination program as infants and a cohort of non-vaccinated 
individuals in Shiraz.

In the present study, the Markov model had a 1-year cycle 
that was run for 76 cycles (according to the average life expec-
tancy of Iranian people based on the latest WHO statistics in 
2016) to cover the lifetime experiences of the majority of 
individuals (Figure 2). When actual parameters were not avail-
able, a literature review was conducted of the available Iranian 
and international literature, and studies that bore greater simi-
larity to the present study (e.g., time and place) and were more 
reliable were preferred. In the cases that relevant studies were 

limited, the most appropriate study was selected as the point 
estimate of each parameter, and other studies were used to 
construct the confidence intervals of the parameters in the 
sensitivity analysis.

Compared strategies

In a cost-effectiveness analysis, the costs and health outcomes 
of various intervention scenarios are calculated and compared 
with a baseline condition.22 In the Markov model, two stra-
tegies were compared, including universal HBV vaccination 
and non-vaccination. In the universal vaccination strategy, 
infants receive at least 3 recombinant HBV vaccines 
(Pasteur Institute of Iran). With respect to the national 
HBV vaccination program for infants in Iran being imple-
mented in 1993, two cohorts were evaluated; (1) vaccinated 
individuals born in or after 1994 and (2) non-vaccinated 
individuals born in 1992 and before. Individuals who were 
born in 1993 were excluded from the study, due to the 
potential for problems at the start of the program such as 
lack of coverage for all infants, or unfamiliarity of staff with 
the program. Since the coverage of the neonatal vaccination 
program in Iran is close to 100%, almost all infants born in or 
after 1993 (the year of the program initiation) were vacci-
nated. Therefore, unfortunately, it was not possible to select 
two cohorts within the same time frame. To partially control 
for age, the age range of participants was limited to between 
17 and 50 years in order to minimize the age difference 
between the two groups.

Vaccine effectiveness

To determine the effectiveness of the HBV vaccination strat-
egy, we conducted a historical cohort study in Shiraz.23 A total 
of 2,720 individuals were interviewed in two cohorts (vacci-
nated and non-vaccinated) and their blood samples were taken. 
The mean effectiveness of the HBV vaccination program for 
those who received the vaccine three times at 0, 2, and 6 months 
of age was 29% (95% confidence interval: 6–46%). One of the 
possible reasons for the low effectiveness compared to other 
studies is the age of the participants. Aging is recognized as an 
influential factor in the immune response to vaccination.24 

Following a period of 25 years since the introduction of 
a national HBV vaccination in Iran, some cases of infection 
are acceptable within a vaccinated population, and subse-
quently affect the effectiveness of the study.

Estimates of transition probabilities

People with acute hepatitis B infection may recover or develop 
a chronic condition. About 5% of acute infections in adults 
progress to the chronic form, and the remaining cases 
improve.25, 26 Chronic HBV can also progress to compensated 
cirrhosis, hepatocellular carcinoma (HCC), or both. Further, 
compensated cirrhosis can lead to decompensated cirrhosis 
and HCC. Any of these states can also lead to death. As there 
is a variation in the reported transition probabilities of different 
studies, these probabilities and their ranges are given in Table 1. 
It should be noted that in this model only deaths related to HBV Figure 1. Markov model of natural history of hepatitis B virus infection.
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Figure 2. Markov model for disease natural history related to hepatitis B virus infection.
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infection are considered, and therefore a healthy person cannot 
be directly assigned the state of death.

In our study, the initial and transition probabilities for 
different states of HBV infection were modeled based on 
a review of the literature published in Iran and elsewhere in 
the world. It should be noted that in order to improve accuracy, 
some initial probabilities were extracted from our effectiveness 
study24 and from the general Iranian population. For para-
meters that were less specific to Iran (such as those associated 
with the natural history of disease) and the uncertainty para-
meters, data were extracted from the international literature, 
and it was assumed that the clinical aspects of HBV infection in 
Iran were comparable to those in other parts of the world. The 
probabilities for the progression of HBV infection were col-
lected based on published medical literature searches, and are 
shown in Table 1. Death probability was defined as the prob-
ability of dying due to the HBV infection and related 
conditions.

Vaccination costs

The costs of the national HBV vaccination program were cal-
culated based on WHO guidance ,31 and by reviewing the 
existing documentation as well as by conducting interviews 
with relevant and knowledgeable persons involved in the pro-
gram. In this study both recurrent and capital costs were iden-
tified. Finally, land, building, water, electricity, gas and 
telephone costs for health centers, in addition to the personnel 
costs, vaccine costs, equipment and transportation costs asso-
ciated with the vaccination program were calculated. After 
collating these costs, the fraction of the vaccination program 
that is exclusively pertaining to the HBV vaccination was deter-
mined through consultation with the staff and specialists related 
to the program, and as such the final costs attributed to the 

hepatitis B vaccination were calculated. In Iran, the hepatitis 
B vaccine is given to infants in the form of the Pentavalan 
vaccine (DTP-HepB-Hib), which has been used since 
November, 2014.32 Therefore, in order to determine the cost 
of this vaccine, the proportion of the total immunization pro-
gram that is represented by hepatitis B vaccination was first 
determined, and then the costs attributed to HBV vaccination 
were calculated. Other consumable costs such as registration 
forms and cards were not considered because they were insig-
nificant, as well as the potential for costs resulting from the side 
effects of the vaccine, due to their scarcity. Finally, the direct and 
indirect costs incurred by individual vaccine recipients (such as 
the cost of traveling to the health center) were not considered.

Treatment costs

Many economic evaluations have been performed using data 
from other studies, such as the cost of clinical evaluation (e.g. 
clinical trials), or using cost data that are routinely 
available.33,34 In the present study, the costs associated with 
different HBV infection states were calculated based on review-
ing the published literature. However, due to differences in the 
cost of the disease state between countries, these costs were 
identified by reviewing Iranian studies only (Table 1).

Effectiveness unit

Life-years gained and quality-adjusted life years (QALY) 
gained were considered as the units of effectiveness. One way 
to calculate QALY is to use utility. Health states “utility” 
measures are usually expressed on a numerical scale from 0 
to 1, where 0 represents the “death” state and 1 represents 
“perfect health”.35 The utility of individuals with chronic hepa-
titis infection has repeatedly been used in decision-making and 

Table 1. Parameter values (per year) used in the Markov model and sensitivity analysis.

Parameters Point estimate Minimum Maximum Distribution Reference

Annual probabilities for HBV progression
CHBa to CCb 0.0243 0.01 0.0488 Beta [27–29,39,40,41]
CHB to DCc 0.005 - - Beta [40]
CHB to HCCd 0.0075 0.004 0.0115 Beta [5,28,29,39–42]
Death from CHB 0.0065 0.0014 0.009 Beta [40–42]
CC to DC 0.0498 0.02 0.073 Beta [5,27–29,39–42]
CC to HCC 0.0209 0.002 0.0391 Beta [5,27–29,39–42]
Death from CC 0.0377 0.025 0.05 Beta [5,29,39–42]
DC to HCC 0.0559 0.008 0.091 Beta [5,28,29,40–42]
Death from DC 0.1935 0.104 0.2506 Beta [5,27–29,39–42]
Death from HCC 0.4355 0.3173 0.54 Beta [27,39–42]

Cost data (US$)
Costse of CHB 993 662 1324 Gamma [43,44]
Costs of CC 1522.5 982 2063 Gamma [43,44]
Costs of DC 6479.5 4179 8780 Gamma [43,44]
Costs of HCC 17254 10072 24436 Gamma [43,44]
Vaccination costs per dose 3.20 2.3 4.8 Gamma [24,45,46]

Health states utilities
Utility CHB 0.73 0.52 0.89 Beta [30,44,47,48]
Utility CC 0.71 0.57 0.87 Beta [30,44,47,48]
Utility DC 0.4775 0.26 0.82 Beta [30,44,47,48]
Utility HCC 0.51 0.31 0.84 Beta [30,44,47,48]

Discount Rate 0.05 0.03 0.07 Beta [20,28,31,49,50]
vaccine effectiveness 0.29 0.06 0.46 - [12]

aCHB: Chronic hepatitis B; b CC: Compensated Cirrhosis; c DC: Decompensated Cirrhosis; d HCC: Hepatocellular Carcinoma; e All costs are expressed per year per person 
and in 2017 US$ at an official exchange rate of 34066 Iranian Rial = US$ 1.00 (source: Central Bank of the Islamic Republic of Iran. Available at: https://www.cbi.ir/ 
exrates/rates_fa.aspx).
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cost-effectiveness models.30 In the present study, health state 
utilities were extracted from published studies (Table 1).

Cost-effectiveness

In this cost-effectiveness analysis, since all analyses were per-
formed from a payer’s perspective, direct medical costs were 
taken into account. All costs were calculated for 2017 at an 
annual discount rate of 5%, and then cost estimates were 
converted from Iranian Rials to US Dollars (exchange 
rate = 34,066 Rials per 1 USD, according to the Central Bank 
of the Islamic Republic of Iran in 2017).

In the present study, modeling and simulation were used for 
economic evaluation, and the incremental cost-effectiveness 
ratio (ICER) was estimated using a probabilistic analysis 
model with Monte Carlo simulation for related parameters in 
each Markov cycle.

Sensitivity analysis

Sensitivity analysis was performed to estimate the uncertainty 
of the parameters. In a two-way sensitivity analysis and prob-
abilistic sensitivity analysis, the effect of combined variations of 
the parameter on the outcome was investigated.28 Parameters 
used in the sensitivity analysis included transmission probabil-
ities, costs of disease states, the cost of vaccination, QALYs, and 
the discount rate.

Statistical methods

After estimating the parameters of cost and effectiveness, these 
data were entered into Microsoft Excel (Microsoft Office ver-
sion, Microsoft Corporation, Redmond, WA, USA) and 
TreeAge Pro (TreeAge Software, Williamstown, MA, USA) 
software for analysis. Analyses related to life-years gained 
were performed using Microsoft Excel, and QALY analyses 
were performed using TreeAge Pro.

The incremental cost-effectiveness ratio and sensitivity ana-
lysis were calculated using a Markov model.

Ethical issues

The survey was approved by the Research Ethics Committee of 
the authors’ institute (Ethical code: IR.SUMS.REC.1397.437) 
and all elements of the study were in accordance with national 
regulations.

Results

The cost of national HBV vaccination

In 2017, the cost of inoculation per HBV vaccine in children 
was 3.20 USD (approximately 52 cents for the each dose of 
vaccine, and the remainder for service delivery), and the cost of 
the HBV vaccination program was estimated to be 14.26 USD 
per fully immunized child (Table 2).

Cost-effectiveness analysis

The incremental cost-effectiveness ratios per QALY gained for 
an infant over a 76-year lifespan are shown in Table 3. The 
mean QALY achieved per person in the universal HBV vacci-
nation program was 0.91 years more than for non-vaccination 
(14.28 vs. 13.37 years). The ICER of universal vaccination 
compared to non-vaccination was negative (-) 1,183 USD per 
QALY gained, indicating that this strategy was advantageous in 
comparison to the non-vaccination strategy and increased 
QALY.

Statistical analysis of life-years showed that the ICER of 
universal vaccination compared to non-vaccination was 6,319 
USD per life-year gained. As such, universal vaccination 
increased the life-years gained up to 20,385 in the cohort of 
33,204 vaccinated infants. In other words, universal vaccina-
tion increased the life-years gained by 0.614 in each fully 
vaccinated infant (Table 3).

The costs of universal vaccination in Iran per QALY and per 
life-year gained were 6,319 USD and negative (-) 1,183.85, USD 
respectively.

Sensitivity analysis (Uncertainty analysis)

To investigate the uncertainties in the parameters, 
a probabilistic sensitivity analysis was performed, the result of 
which was that changing the parameter values had no effect on 
the cost-effectiveness of vaccination. Figure 3 shows the results 
of the 1,000 ICER iterations with respect to the parameter 
uncertainty, where the relevant points are placed on the cost- 
effectiveness plane (C-E plane). As shown, all ICERs are con-
centrated in the lower-right quarter (fourth quarter) of the 
C-E plane, confirming our conclusions regarding the advan-
tage of universal vaccination, and that vaccination reduces 
costs and increases QALYs. Therefore, given the uncertainty 
of all parameters (even assuming the worst-case scenario), the 
model remains robust and reliable.

The results of a probabilistic sensitivity analysis in which the 
parameters were varied simultaneously in the Monte Carlo 
simulation show that the advantage of universal vaccination 
over non-vaccination is almost certain, even for the lowest-cost 
values used in the model (Figure 4). In other words, the results 
of the cost-effectiveness analysis were verified by the accept-
ability curve.

Discussion

In recent years, Iran has made many efforts to prevent and 
control hepatitis B infection following the recommendation of 

Table 2. Total annual costs of national hepatitis B vaccination program in Iran 
(2017 USD).

Parameter
USD 
cost IRR Cost

National Hepatitis B Vaccination Program in Shiraz 473,506 16,130,287,395
National Hepatitis B vaccination costs per dose 3.20 108,991
National Hepatitis B vaccination costs per fully 

immunized child
14.26 485,794
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the WHO on the immunization of children under the universal 
vaccination strategy. The present study demonstrated the 
impact of this program in Iran, showing that the ICER of 
universal HBV vaccination compared to non-vaccination was 
negative (-) 1,183 USD per QALY gained and 6,319 USD per 
life-year gained. The point estimate of the ICER can be com-
pared using different criteria. Gross domestic product (GDP) 
per capita is often used as an alternative indicator of effective-
ness threshold.19 In the present study, the ICER was negative, 
therefore, universal HBV vaccination in Iran is cost-effective. It 
should be noted that when the ICER is negative and placed in 
the fourth quarter of the C-E plane, the program is cost- 
effective and it is not usually deemed necessary to compare 
using threshold values.

In the universal vaccination strategy, the ICER per QALY 
gained for an infant over a 76-year lifespan was -$1,183.85, and 
placed in the fourth quarter of the C-E plane, indicating the 
economic advantage of this strategy. This finding was consis-
tent with other economic evaluations. A study in Vietnam29 

investigated the cost-effectiveness of universal vaccination on 
1,639,000 infants born in 2002. The results showed that the 
program was cost-effective and the ICER per QALY gained was 
3.77 USD. In 2002, a study in China36 found universal vaccina-
tion over a lifetime in a cohort of 10 million infants to yield 
more than 620,000 QALYs. Another cost-effectiveness study19 

that used different outcome measures from the present study 
also showed that childhood vaccination as part of a universal 
strategy was a cost-effective health intervention. However, 
a discrepancy was found between existing studies, as not all 
findings were in agreement. A 2011 study from the perspective 
of the National Health Service in the UK37 used the Markov 
model to examined the impact of HBV vaccination using 
QALYs as the outcome measure. Based on the vaccine price 
at the time of the study, universal vaccination of infants was 
not deemed to be cost-effective in the United Kingdom. This 
could be due to much of the burden of HBV infection in the 
UK being attributed to immigrants who contracted the infec-
tion while outside the UK, before migrating to the UK. As such, 
the vaccination program had no effect on these people and 
could not prevent their disease. Another reason may be the 
difference in price of the vaccine between countries. For exam-
ple, in 2018, the cost of each vaccine dose in the public sectors 
of the United States was estimated at 11.60 USD,38 while in the 
present study the cost was approximately 52 cents.

Vaccination is effective in terms of reduced mortality due to 
HBV infection, increased life expectancy, and cost savings (by 
reducing the incidence of complications arising from HBV such 
as cirrhosis and hepatocellular carcinoma). In the cohort of 33,204 
vaccinated infants in the present study, universal HBV vaccination 
increased the life-years gained to 20,386 years, and the ICER per 
life-year gained was found to be 6,319 USD. Accordingly, uni-
versal HBV vaccination in Iran has been a cost-effective strategy, 
consistent with studies in other countries. A cost-effectiveness 
study conducted in China36 showed that universal vaccination 
against HBV infection significantly reduced the morbidity and 
mortality of HBV complications. This strategy yielded more than 
743,000 life-years gained for the cohort of 10 million new-borns in 
2002. A study conducted in Taiwan, a country with a high HBV 
endemicity,5 found that the mean life-years gained for each person 
using universal vaccination was 3.89, compared to non- 
vaccination. A study conducted in Ireland39 showed that universal 
vaccination was more cost-effective than selective vaccination. In 
the 80-year period studied, the ICER was between €10,992 and 

Figure 3. Results of Probabilistic Sensitivity Analysis. Simulated results of 1000 
replicates of incremental cost-effectiveness ratio for vaccination vs. no- 
vaccination strategies.

Table 3. Cost-effectiveness analysis between universal hepatitis B vaccination and no-vaccination program.

Strategy Viewpoint Costa QALYb ICERc Cost Life-year ICER

Universal vaccination Health care 13833.07 14.28 −1183.85 18,001.51 16.86 6319
Non-vaccination Health care 14919.83 13.37 14,121.95 16.24

aAll costs are expressed in 2017 US$ at an official exchange rate of 34066 Iranian Rial = US$ 1.00 
bQALY: Quality Adjusted Life Year 
cICER: Incremental Cost-Effectiveness Ratio

Figure 4. Cost-effectiveness acceptability curve for vaccination vs. no-vaccination 
strategies (Health care payer’s viewpoint). Results based on 1000 Monte Carlo 
simulations.
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€67,200 per life-year gained for the minimum and maximum cost 
of the vaccine, respectively.

In the universal vaccination strategy, the mean QALY 
achieved over a 76-year lifetime for a new-born was 0.91, com-
pared to non-vaccination. One study using data from India, 
a country with intermediate endemicity,27 showed that universal 
vaccination compared to non-vaccination had a high cost- 
effectiveness, and increased the QALY and number of years 
lived by a birth cohort by 0.221 and 0.173 years, respectively.

Probabilistic sensitivity analysis showed that, even when 
varying the parameter values, all ICERs were concentrated in 
the fourth quarter of the cost-effectiveness plane, showing that 
in all extracted samples, universal vaccination was economically 
advantageous and cost-effective compared to non-vaccination. 
Universal vaccination in Iran was advantageous even for the 
lowest willingness to pay values. A study in China28 evaluated 
the effect of the HBV catch-up vaccination in 8–15 year-olds 
(who were not fully vaccinated between 1994 and 2002). The 
results of probabilistic sensitivity analysis showed that the uncer-
tainty of the parameters had no effect on the results, and in all 
cases, the catch-up vaccination program was cost-effective and 
advantageous compared to no catch-up vaccination.

In a review study by Beutels et al.20 all published studies on 
the economic evaluations of the HBV vaccination between 
1994 and 2000 were reviewed, and the results of studies based 
on the levels of HBV endemicity were discussed. Most of the 
assessments were in industrialized countries, usually in low to 
very low endemicity areas. Based on their economic evaluation, 
universal HBV vaccination was found to be justifiable in areas 
with all levels of endemicity. Finally, to improve cross-country 
comparisons, it was recommended that specific guidelines be 
provided for the economic evaluation of infectious disease 
prevention programs.

Strengths and weaknesses

As already mentioned, the target population and the associated 
health outcomes can influence the results of the cost- 
effectiveness analysis.5 One of the strengths of this study was 
the calculation of the ICER using two different outcome mea-
sures (QALY and life-years gained). This practice adds relia-
bility and robustness to the reported result, as the two 
outcomes agree that universal HBV vaccination was cost- 
effective. Another strength of this study is that in order to 
increase the validity and reliability of the results, some para-
meters (such as the cost of vaccination program) were calcu-
lated using novel data. The use of sensitivity analysis also 
increases the reliability of the results.

The present study has some weaknesses. As with other 
economic evaluations, the results depend on the available lit-
erature. Estimates of costs are related to current conditions (the 
natural history of the disease and related treatments, and other 
influential health policies), which may change in the future, 
requiring subsequent analyses with updated parameters. Due 
to the high coverage of the vaccination program in Iran, it was 
not possible to select two comparable cohorts from the same 
time period. As such, the control cohort of unvaccinated indi-
viduals was selected from those born before the implementa-
tion of the national HBV vaccination program. In order to 

increase comparability, care was taken to ensure that indivi-
duals were selected in such a way as to minimize age differences 
between the two groups, and costs were calculated for both 
groups based on 2017 data.

Conclusions

The universal HBV vaccination strategy increased the expected 
QALY and life years of the cohort, and the cost-effectiveness of 
this strategy was confirmed for both outcomes. The universal 
HBV vaccination strategy increased life expectancy, improved 
quality of life, and reduced costs. The findings of this study, the 
first economic evaluation of HBV vaccination in Iran, show the 
impact of the immunization program on HBV infection and 
will be of interest to those working in healthcare policy. Given 
the economic advantage of the universal HBV vaccination 
strategy, it is recommended that this program continues.
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