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Abstract

Several hepatitis A outbreaks have recently been reported in Kerala state, India. To inform
coverage decision of hepatitis A vaccine in Kerala, this study aimed to examine the cost-
effectiveness of 1) hepatitis A vaccination among children aged 1 year and individuals aged
15 years, and 2) serological screening of individuals aged 15 years and vaccination of sus-
ceptible as compared to no vaccination or vaccination without serological screening. Both
live attenuated hepatitis A vaccine and inactivated hepatitis A vaccine were considered in
the analysis. A combination of decision tree and Markov models with a cycle length of one
year was employed to estimate costs and benefits of different vaccination strategies. Analy-
sis were based on both societal and payer perspectives. The lifetime costs and outcomes
were discounted by 3%. Our findings indicated that all strategies were cost-saving for both
societal and payer perspectives. Moreover, budget impact analysis revealed that vaccina-
tion without screening among individuals aged 15 years could save the government’s bud-
get by reducing treatment cost of hepatitis A. Our cost-effectiveness evidence supports the
inclusion of hepatitis A vaccination into the vaccination program for children aged 1 year and
individuals aged 15 years in Kerala state, India.

Introduction

In 2016, the World Health Assembly (WHA) endorsed the Global Health Sector Strategy
(GHSS) on viral hepatitis 2016-2021 and called for the elimination of viral hepatitis as a public
health threat by 2030 [1]. Hepatitis A is a liver disease [2], caused by a hepatitis A virus (HAV)
of the picornaviridae family [2]. The virus is transmitted through ingestion of contaminated
food and water or even by direct contact with hepatitis A infectious person [3]. Symptom and
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severity of hepatitis A is strongly correlated with age [3]. While young children usually have
asymptomatic infection, adolescents and adults may experience symptoms including fever,
malaise, nausea, loss of appetite, abdominal discomfort, diarrhoea, dark-coloured urine, and
jaundice [3]. Although the burden of hepatitis A is relatively low in high income countries [4],
the incidence rate is still high in many middle-income (MICs) and low-income (LICs) coun-
tries [4]. In many MICs with a mixture of intermediate-and low-endemic levels or in transition
from intermediate to low-endemic level [5] especially in India [6], increasing outbreak due to
hepatitis A among adolescents and adults can be observed.

Vaccination with the two-dose inactivated hepatitis A vaccine or one dose of live attenuated
hepatitis A vaccine is the effective method to prevent HAV infection [3]. According to the
World Health Organization (WHO), “vaccination against hepatitis A virus be introduced into
national immunization schedules for individuals aged >12 months, if indicated on the basis
of: i) an increasing trend over time of acute hepatitis A disease, including severe disease,
among older children, adolescents or adults; ii) changes in the endemicity from high to inter-
mediate; and iii) considerations of cost-effectiveness”[6].

India has 29 states and 7 union territories [7], with a seroprevalence of 60%-80% of hepatitis
A infection noted among children aged < 5 years in various states in India [8, 9].

Among 29 Indian states, Kerala state reported the lowest HAV antibody seroprevalence
rate (4.3%-10.3%) among children and individuals aged < 15 years [8-10]. With the decreas-
ing number of adolescents with prior exposure to HAV, several hepatitis A outbreaks
occurred, specifically, with high attack rate among this population in Kerala [11]. Large out of
pocket expenditure on treatment of hepatitis A disease was reported [12]. Public health
research findings [9, 11, 13], and social media reports has consistently demanded the introduc-
tion of hepatitis A vaccination to the population in Kerala [14, 15]. Nevertheless, policy deci-
sion on such large-scale immunization program should be based on evidence-based
information. Although previous published cost-effectiveness studies of hepatitis A vaccination
suggested that hepatitis A vaccination is cost-effective in most developing countries [16-21],
there is a lack of cost-effectiveness evidence of hepatitis A vaccination strategy to inform policy
decision making in India. The present study was conducted to estimate the cost-effectiveness
of various hepatitis A vaccination strategies compared to no vaccination among the population
in Kerala state, India. The budget impact analysis for providing hepatitis A vaccine was also
performed.

Methods
Interventions and comparator

In this study, the following three strategies of hepatitis A vaccination were evaluated among
individuals aged 15 years: 1) no hepatitis A vaccination 2) hepatitis A vaccination, 3) screening
for HAV antibody using anti-HAV IgG enzyme-linked immunosorbent assay (ELISA) screen-
ing test and then providing hepatitis A vaccination to susceptible individuals. First and second
strategies were also evaluated in children aged 1 year. Both live attenuated hepatitis A vaccine
and inactivated hepatitis A vaccine, which were available in the Indian market were considered
in our study [22, 23].

Model structure and assumptions

A combination of decision-tree and Markov models was employed to predict the lifetime costs
and outcomes of each strategy based on societal and payer perspectives (Fig 1).

The model was developed based on the natural history of disease of HAV infection and was
validated by clinical experts in India and Thailand. It consisted of eight mutually exclusive

PLOS ONE | https://doi.org/10.1371/journal.pone.0306293 June 27, 2024 2/17


https://doi.org/10.1371/journal.pone.0306293

PLOS ONE Cost-effectiveness of hepatitis A vaccine

True Positive

Positive

False Positive

Screening test

False Negative

Negative

True Negative

(W
(W
()
()

No screening and vaccination
Strategy 4

No screening and no vaccination <

, n
Susceptible (Non .
immune to HAV » HAV Infection SympIomatic
A acute Hepatitis
Infection)
Y
n A} ' n n
Asymptomatic Recovered Agute Liver
case cases <« Liver T lant
Transplant Tansplan
Death
HAV = Hepeatitis A virus @ Markov Model [l Decision Node 4 Terminal Node

Fig 1. Model structure.
https://doi.org/10.1371/journal.pone.0306293.9001
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health states, including susceptible, hepatitis A infection, symptomatic acute hepatitis, asymp-
tomatic case, recovered, acute liver failure, liver transplant, and death. A lifetime horizon was
used with a cycle length of one year. A 3% discount rate was used for both costs and outcomes
[24]. The model was developed and run in Microsoft Office Excel (Microsoft Corp., Redmond,
WA).

The following assumptions were adopted in the analysis: 1) relapse would occur only once;
2) deaths from hepatitis A would only occur in hospitals due to acute liver failure/fulminant
hepatitis; 3) cost of adverse effects due to vaccination was not considered as they were very
rare and mild; 4) study population would get the vaccination and screening test at primary
(35%), secondary (35%) and tertiary health facilities (30%); and 5) one parent would accom-
pany children aged 1 year and individuals aged 15 years during vaccination and screening.

Model input parameters

The model input parameters are described and summarised in Table 1.

Cost

All costs were derived from Indian published studies [11, 12, 28, 33, 35, 36], specifically in Ker-
ala State [12, 36] (Table 1). Direct medical costs (i.e., costs of hospitalization, consultation,
drugs, and investigation), direct non-medical costs (i.e., costs of food, transportation, and care-
giver) and indirect costs (i.e., income loss by the parents or caretakers) for HAV infection were
derived from the study conducted in Kerala [12]. It was assumed that travel costs and income
loss were calculated for one parent/caretaker. The vaccine delivery cost was derived from a
study conducted in India [32]. Vaccine cost was derived for December 2023 from the vaccine
distributor agency in India through India Mart [22]. The screening test cost was considered
from a private laboratory [32], including human resource and laboratory costs. It should be
noted that the cost of Hepatitis A vaccination implementation was not included in our study
based on the assumption that the delivery of Hepatitis A vaccination will be integrated with
routine EPI immunization at health facilities. Therefore, the costs of program implementation
were considered minimal, as compared to the costs of vaccine and cost of vaccine delivery.

All costs were converted to year 2023 by using the consumer price index specific for Kerala
state [40]

Effectiveness of interventions

As shown in Table 1, the efficacy of inactivated hepatitis A vaccine and live-attenuated hepati-
tis A vaccine was derived from a systematic review [30]. The vaccination coverage rate was
considered 90% based on the WHO-SEARO fact sheet 2023, which informs the coverage for
DTP-Hib-HepB vaccination coverage in Kerala as > 90% [31].

Utility

In our study, utilities of susceptible individual and asymptomatic infection were based on the
population norms in India by age. Due to limited data in India, utility values related to liver
transplants, symptomatic hepatitis, and acute liver failure were derived from the published
studies in other countries. It should be noted that both acute hepatitis and acute liver failure
are severe medical conditions [41]. However, the distinction between acute hepatitis (AH) and
acute liver failure (ALF) can be challenging due to their overlapping clinical presentations
[42]. Given the limited data, we used the same utility values for both health states in our analy-
sis due to the similar symptoms. In addition, it should be noted that the utility values for liver
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Table 1. Model parameters.

Parameter Mean SE Distribution Source
Transitional probabilities (Epidemiological and clinical)
Susceptible individuals to hepatitis A infection:
1-10 years 0.0979 0.0207 Beta [10]
11-15 years 0.1324 0.0441 Beta [10]
> 16 years 0.3100 0.0486 Beta [10]
Hepatitis A infection to symptomatic acute hepatitis:
< 4 years 0.0695 0.0257 Beta [25]
5-9 years 0.3100 0.0481 Beta [25]
10-17 years 0.5069 0.0453 Beta [25]
>18 years 0.5734 0.0353 Beta [25]
Hepatitis A infection to asymptomatic:
< 4 years 0.9305 0.0257 Beta [25]
5-9 years 0.6900 0.0481 Beta [25]
10-17 years 0.4931 0.0453 Beta [25]
>18 years 0.4266 0.0353 Beta [25]
Symptomatic acute hepatitis to spontaneous recovery 0.9900 0.0099 Beta [26]
Symptomatic acute hepatitis to acute liver failure 0.0100 0.0099 Beta [26]
Spontaneous recovered cases to symptomatic hepatitis cases (relapse) 0.1393 0.0355 Beta [27]
Acute liver failure to liver transplant 0.3500 0.0475 Beta [26]
Acute liver failure to spontaneous recovery 0.5500 0.0495 Beta [26]
Acute liver failure to death 0.1000 0.0299 Beta [26]
Death among liver transplant cases with in 1 year 0.1800 0.0382 Beta [28]
Death among liver transplant cases from 2-3 year after transplant 0.0717 0.0398 Beta [28]
Death among liver transplants from 4 year onwards for each subsequent year 0.0209 0.0299 Beta [28]
Death among general population by age 0.0090 0.0009 Beta [7]
Effectiveness parameters
Screening test (HAV ARCHITECT IgG assay)
Sensitivity of screening test 0.9980 0.0032 Beta [29]
Specificity of screening test 0.9917 0.0032 Beta [29]
Effectiveness of hepatitis A vaccines
Relative risk of attenuated vaccine 0.0700 0.0360 Beta [30]
Relative risk of inactivated vaccine 0.0900 0.0690 Beta [30]
Program coverage
Hepatitis A vaccination 0.9 - - [31]
Screening test 0.9 - - [31]
Cost parameters (value in 2023 Indian Rupees )
Cost of screening test (HAV ARCHITECT IgG assay) 600.00 600.00 Gamma [32]
Cost of Attenuated hepatitis A vaccine (one dose) 1010.00 1010.00 Gamma [22, 23]
Cost of Inactivated hepatitis A vaccine (one dose) 1,263.00.00 1263.00 Gamma [22, 23]
Vaccine delivery cost 502.77 502.77 Gamma [33]
Travel cost to primary health center facility 20.29 20.29 Gamma [34]
Travel cost to rural hospital/district hospital facility 115.94 115.94 Gamma [34]
Travel cost to tertiary care hospital facility 423.19 423.19 Gamma [34]
Direct medical cost for symptomatic acute hepatitis 12,749.87 12749.87 Gamma [12]
Direct medical cost for acute liver failure 190,565.59 190,565.59 Gamma [35]
Direct medical cost for liver transplant cost 3,976,130.64 3,976,130.64 Gamma [28]
Direct medical cost for liver transplant maintenance cost for 1st year 360,635.78 360,635.78 Gamma [36]
(Continued)
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Table 1. (Continued)

Parameter Mean SE Distribution Source
Direct medical cost for liver transplant maintenance cost for subsequent year 184, 394.64 184, 394.64 Gamma [36]
Utility
Symptomatic acute hepatitis 0.43 0.03 Beta [18]
Acute liver failure 0.43 0.03 Beta [18]
Liver transplant (1* year) 0.57 0.10 Beta [37, 38]
Liver transplant (2n¢ year onward) 0.67 0.10 Beta [37, 38]
Utility score for Indian population age <20 0.93 0.02 Beta [39]
Utility score for Indian population age 20-29 years 0.91 0.02 Beta [39]
Utility score for Indian population age 30-39 years 0.87 0.03 Beta [39]
Utility score for Indian population age 40-49 years 0.83 0.04 Beta [39]
Utility score for Indian population age 50-59 0.79 0.04 Beta [39]
Utility score for Indian population age 60-69 0.72 0.06 Beta [39]
Utility score for Indian population age >70 0.57 0.14 Beta [39]

https://doi.org/10.1371/journal.pone.0306293.t001

transplants, symptomatic hepatitis, and acute liver failure presented in Table 1 were adjusted
by population norms in India to reflect the utility of each health stage by age.

Result presentation

Total costs, life years (LYs), and QALY for each screening strategy were estimated over life-
time period. The results were presented as the incremental cost-effectiveness ratio (ICER) in
terms of cost per quality-adjusted life year (QALY) gained. A cost-effectiveness threshold of
one gross domestic product (GDP) per capita or approximately X 111,927 per QALY [43] was
applied.

Uncertainty analysis

One-way and probabilistic sensitivity analyses (PSA) were performed. One-way sensitivity
analysis was conducted to investigate the effects of different input parameters. Wherever avail-
able, standard errors (SEs) were used in sensitivity analysis. However, for parameters lacking
SE data, we performed the sensitivity analysis by varying each parameter by +25%. The results
for one-way sensitivity analysis were presented as Tornado diagrams. PSA was performed by
running 1,000 Monte Carlo simulations. The results of the PSA were presented as the cost-
effectiveness acceptability curve (CEAC) by using one-time GDP per capita as a threshold.

Budget impact analysis

Budget impact analysis (BIA) was conducted as per the recommendations by International
Society for Pharmacoeconomics and Outcomes Research (ISPOR) task force report [44]. The
analysis was performed from a payer perspective for a time horizon of five years from 2023-
2027, considering the financial year in India, which counted from the month of April to
March. The total number of children aged 1 year and individuals aged 15 years living in Kerala
state, India, in the year 2023 was 460,000 and 502,600, respectively [45]. Annual cases of hepa-
titis and its complications were estimated from the model. Total annual vaccine costs were cal-
culated as the products of cost per vaccine dose, predicted vaccination coverage, number of
target population, number of doses, and predicted wastage factor [46, 47]. As per the WHO,
the wastage factor for vaccination was considered as 5% [47]. For calculating the budget
impact, the difference in total direct medical cost of hepatitis A treatment between vaccination
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and no vaccination were considered. Analysis was done considering the immunization cover-
age of 90% [31].

Results
Interventions among individual aged 15 years

Compared to no vaccination, hepatitis A vaccination, either with screening or without screen-
ing, resulted in cost-saving (i.e., reduced cost and increased QALY gained). As shown in
Table 2, screening together with inactivated hepatitis A vaccination resulted in cost-saving
with the ICERs of X -23,599 per QALY gained for a societal perspective and X-17,108 per
QALY gained for a payer perspective. Similarly, vaccination with inactivated hepatitis A vacci-
nation without screening was found to be cost-saving for both societal (3-87,382 per QALY
gained) and payer perspective (3-61,989 per QALY gained) (Table 2). Similar results were also
found for live attenuated vaccine (S1 Table in S1 Text).

Interventions among children aged 1 year

Hepatitis A vaccination among children aged 1 year as compared to no vaccination resulted in
cost-saving (i.e., decreased cost and increased QALY gained) (Table 3 and S2 Table in S1
Text). For inactivated hepatitis A vaccination, the ICERs ranged from X-78,229 per QALY
gained for a societal perspective and X-53,282 per QALY gained for a payer perspective

(Table 3).

One-way sensitivity analysis

Results of the one-way sensitivity analysis are displayed in S1-S3 Figs in S1 Text. Among indi-
viduals aged 15 years receiving the live attenuated vaccine (S1 Fig in S1 Text), the most sensi-
tive input parameters for a societal perspective were the probability of the symptomatic acute
hepatitis to acute liver failure, discounting of outcome and probability of hepatitis A infection

Table 2. Cost-utility analysis results classified by hepatitis A inactivated vaccine strategies and perspective among individuals aged 15 years.

Results

Cost (X)
LY*
QALY*

Incremental
cost ()

Incremental
LY*
Incremental
QALY*
ICER’

(Xper LY”
gained)
ICER’

(X per QALY*
gained)

No

vaccination

45,046.17

24.17
18.64
NA

NA

NA

NA

NA

Societal perspective Payer perspective results
Inactivated hepatitis A Screening and inactivated No Inactivated hepatitis A | Screening and inactivated
vaccination without hepatitis A vaccination | vaccination vaccination without hepatitis A vaccination
screening screening
28,060.90 27,926.80 32,738.47 18,598.41 20,327.69
24.57 24.35 24.17 24.57 24.35
18.84 19.37 18.64 18.84 19.37
-16,985.28 -17,119.37 NA -12,049.29 -12,410.78
0.40 0.18 NA 0.40 0.18
0.19 0.73 NA 0.19 0.73
-45,512 -97,665 NA -30,158 -70,803
-87,382 -23,599 NA -61,989 -17,108

* Abbreviations: Life years (LY); Quality adjusted life years (QALY); Incremental cost-effectiveness ratio (ICER), Not applicable (NA)

https://doi.org/10.1371/journal.pone.0306293.t002
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Table 3. Cost-utility analysis results classified by hepatitis A inactivated vaccine strategies and perspective among children aged 1 year.

Results Societal perspective Payer perspective
No vaccination Inactivated Vaccine No vaccination Inactivated Vaccine

Cost () 30,328.23 19,116.30 21,005.12 14,413.66

LY* 27.16 27.18 27.16 27.18
QALY* 21.68 21.82 21.68 21.82
Incremental cost () NA -11,211.93 NA -7,636.49
Incremental LY” NA 0.02 NA 0.02
Incremental QALY” NA 0.14 NA 0.14

ICER? (X per LY” gained) NA -634,633 NA -432,252
ICER” (X per QALY” gained) NA -78,229 NA -53,282

* Abbreviations: Life years (LY); Quality adjusted life years (QALY); Incremental cost-effectiveness ratio (ICER), Not applicable (NA)

https://doi.org/10.1371/journal.pone.0306293.t003

to recovery health stage while those of the payer perspective were probability of the symptom-
atic acute hepatitis to acute liver failure, probability of acute liver failure to liver transplant. For
individuals aged 15 years receiving the inactivated hepatitis A vaccine, the probability of the
symptomatic acute hepatitis to acute liver failure and acute liver failure getting liver transplant
were the most sensitive input parameters from both societal and payers perspectives (S2 Fig in
S1 Text). However, for screening and vaccination with live attenuated vaccine and screening
and vaccination with inactivated vaccine, the most sensitive input parameters from both socie-
tal and payer perspectives were the probability of negative predictive value of screening test
and the probability of screening test being positive for 1-15 years.

Among children aged 1 year receiving either the live attenuated vaccine or inactivated vac-
cine, the most sensitive input parameters both by societal and payers perspectives were the
probability of symptomatic acute hepatitis A to acute liver failure and probability of acute liver
failure getting a liver transplant (S3 Fig in S1 Text). However, for children receiving inactivated
hepatitis A vaccination, the most sensitive parameters both by societal and payers perspective
were the probability of symptomatic acute hepatitis A to acute liver failure and probability of
acute hepatitis infection to asymptomatic among < 4 years.

Probabilistic sensitivity analysis results

Based on PSA results, the cost-effectiveness plane (Fig 2) demonstrated that the majority of
simulations were in the south-east quadrant, suggesting that all inactivated hepatitis A vaccina-
tion options would save more money, while offering slightly more health outcome compared
to no vaccination under societal perspective. Moreover, the cost-effectiveness acceptability
curve showed that all inactivated hepatitis A vaccination options had the highest probability of
being cost-effective at threshold of one GDP per capita (X 111,927) are displayed in Fig 3.

Probabilistic sensitivity analysis results for live attenuated vaccines (both societal and payer
perspective) and inactivated vaccine (payer perspective) are shown in S3 and S4 Tables in S1
Text, respectively. These results are depicted in the form of cost-effectiveness planes as shown
in $4-S6 Figs in S1 Text, respectively.

Based on both societal (Fig 3) and payer perspectives, among individuals aged 15 years, vac-
cination with live attenuated vaccine and inactivated vaccination had probability being cost-
effective is about 100% (S7-S9 Fig in S1 Text). Screening and live attenuated vaccination strat-
egy among individual aged 15 years had 99%-100% chance being cost-effective, while screen-
ing and inactivated vaccination strategy had probability being cost-effective about 99%-100%
at the cost-effectiveness threshold in India. Among children aged 1 year, vaccination with live
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Fig 2. Cost-effectiveness plane by a societal perspective A) among 15 years receiving inactivated hepatitis A
vaccination without screening strategy B) among 15 years with screening and inactivated hepatitis A vaccination
C) Child aged 1 year receiving inactivated hepatitis A vaccination.

https://doi.org/10.1371/journal.pone.0306293.9002
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Fig 3. Cost-effectiveness acceptability curve by a societal perspective. A) among 15 years receiving inactivated
hepatitis A vaccination without screening strategy B) among 15 years with screening and inactivated hepatitis A

vaccination C) Child aged 1 year receiving inactivated hepatitis A vaccination.
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Table 4. Budget impact analysis for hepatitis A vaccination strategy among individuals aged 15 years and children aged 1 year (million ).

Among individual aged 15 years

Fiscal year Hepatitis A vaccination strategy Screening and hepatitis A vaccination
Total budget Incremental budget Total budget Incremental budget
No Inactivated Live Inactivated Live attenuated Inactivated Live attenuated Inactivated Live attenuated
vaccination attenuated
1 812 1,570 696 758 -116 1,750 991 938 179
2 1,490 1,650 759 160 -731 1,820 1,050 330 -440
3 3,080 1,830 904 -1,250 -2,176 1,900 1,110 -1,180 -1,970
4 4,320 2,030 1,060 -2,290 -3,260 2,000 1,190 -2,320 -3,130
5 5,500 2,250 1,230 -3,250 -4,270 2,110 1,270 -3,390 -4,230
Total 15,202 9,330 4,649 -5,872 -10,553 9,580 5,611 -5,622 -9,591
Among children aged 1 year
Fiscal year Total budget Incremental budget
No vaccination Inactivated Live attenuated Inactivated Live attenuated
1 33 1,520 652 1,487 619
2 67 1,520 654 1,453 587
3 142 1,530 660 1,388 518
4 429 1,560 689 1,131 260
5 731 1,600 739 869 8
Total 1,402 7,730 3,394 6,328 1,992

https://doi.org/10.1371/journal.pone.0306293.t004

attenuated vaccine and inactivated vaccine was found to be 100% cost-effective (S7-S9 Figs in
S1 Text).

Budget impact analysis of vaccination strategies

Among individual aged 15 years, assuming 90% vaccination coverage and screening, a total
incremental budget for vaccination with inactivated vaccine, and live attenuated vaccine were
estimated to be approximately X -5,872 million and X -10,553 million, respectively (Table 4).
However, the incremental budget would be X -5,622 million and X -9,591 million for screening
and vaccination with inactivated or live attenuated vaccination, respectively. Among children
aged 1 year, a total incremental budget for implementing the inactivated vaccine, and live
attenuated vaccine were approximately X 6,328 million and X 1,992 million, respectively
(Table 4).

Discussion

As per our knowledge, this is the first study examining the cost-effectiveness of hepatitis A vac-
cination in Kerala state, and also in India. Among individual aged 15 years, vaccination pro-
gram with live attenuated hepatitis A vaccination or inactivated hepatitis A vaccination
resulted in lower cost and higher QALY gained, suggesting that vaccination either with inacti-
vated or live-attenuated vaccine would be a cost-saving intervention. In addition, screening
and providing live attenuated hepatitis A or inactivated hepatitis A vaccination strategy for
susceptible individuals was found to be a cost-saving intervention for individuals aged 15
years. Similarly, vaccination with either live attenuated hepatitis A vaccination or inactivated
hepatitis A vaccination seemed to be cost-saving among children aged 1 year for both societal
and payer perspectives.

It was highlighted that our results were similar to those of studies conducted in middle-
income countries including countries in Asia region, which indicating that hepatitis A vacci-
nation among children were likely to be cost-effective or even cost-saving [18, 20, 21, 48]. The
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reason that our results was in line with the studies conducted in middle income countries
including China and Indonesia is probably due to similar context related to endemicity of hep-
atitis A. With improvement in living and economic condition over the past decades, HAV
infection is shifting from early childhood to adolescence and young adulthood reflecting epi-
demiological transition of hepatitis A in Kerala state, India [9, 49] resulting in an increased
risk of getting hepatitis A infection [11, 50]. Previous studies [48, 51] as well as a recent system-
atic review [21] on economic evaluation of hepatitis A vaccination suggested that incidence of
hepatitis A is one of the most influential factors in the cost-effectiveness of hepatitis A vaccina-
tion. In addition, our results were consistent with the WHO recommendations that vaccina-
tion against hepatitis A be integrated into the national immunization schedule for children
aged > 1 year on the basis of incidence of hepatitis A, change in endemicity from high to inter-
mediate, and considering the cost-effectiveness of vaccination strategy [5].

On the other hand, our findings are inconsistent with the earlier study conducted in Bel-
gium which reported that the screening and vaccination compared with no vaccination would
not be cost-effective for adult population [52]. This inconsistent result could be explained by
the difference in the epidemiological circumstance of the two countries, where vaccination
was not be an cost-effective option for low endemic area.

Although our results indicated that hepatitis A vaccination among individuals aged 15
years with or without screening would be a cost-saving, however, screening would require pro-
fessionally trained human resources and skills. In addition, effective plan is essential to the
implementation of mass screening and vaccination. Thus, vaccination without screening
seemed to be an attractive choice, as it would be more feasible for implementation.

Nevertheless, the budget impact for implementing vaccination program among children
aged 1 year with live attenuated and inactivated vaccine were estimated at X 1,992 million and
X 6,328 million, respectively. As of the fiscal year 2023, the Government of Kerala has allotted
a budget of 99,350 million to Health and Family Welfare [53]. Based on our analysis, the
Government of Kerala would need to allot 0.68% extra budget for introduction of live attenu-
ated vaccine to child aged 1 year as compared to 1.56% extra budget for introduction of inacti-
vated hepatitis A vaccine every year for five years (year 2023 to year 2027), given that the
Government budget in the next 5 years was fixed.

However, introduction of either live attenuated vaccine or inactivated vaccine for individ-
ual aged 15 years would save 2.12% and 1.18% of the Government budget (for fiscal year 2023
to 2027), each year respectively by a payer perspective. Similarly, screening with live attenuated
vaccination or screening with inactivated hepatitis A vaccination among individual aged 15
years would save approximately 1.93% and 1.13% of the Government budget every year,
respectively by a payer- perspective as it could also save budget spent on treatment of hepatitis
in the future. It should be noted that this budget impact analysis assumed 90% vaccination cov-
erage (considering immunization coverage in Kerala state close to 90%) However, in reality,
the coverage and compliance may differ from region to region in Kerala, India.

Based on the cost-effectiveness and budget impact analysis results, the introduction of both
inactivated vaccine and live attenuated vaccine among child aged 1 year and individual aged
15 years would be an attractive choice due to cost-saving options. However, the budget for
implementing vaccination program in child aged 1 year with inactivated vaccine was higher
than those with live attenuated vaccine. Although the use of live attenuated vaccine resulted in
less budget impact, as compared to inactivated vaccine, the careful consideration should be
given on the safety assessment of the vaccine and its global utilization. As recommended by
the WHO, more studies on the use of live attenuated vaccines [5] in the community were war-
ranted while the use of inactivated hepatitis A vaccine is the most widely acceptable vaccine
globally [5].
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In addition, our study found that probability of the symptomatic acute hepatitis to acute liver
failure, discounting of outcome, discounting of cost and probability of acute liver failure to liver
transplant were the most sensitive parameters while earlier studies reported that the vaccine price,
mortality rate and discount rate were the sensitive parameters [18, 20, 48]. It is well noted that the
exact choice of discount rate is one of the most influential parameters for economic evaluation of
vaccine as cost is more concentrated in early time period and health benefits are seen over longer
period [52]. Nevertheless, it should be noted that many of the important parameters involved in
our analysis were derived from Indian’s studies and statistics. Specifically, several epidemiological
parameters like the seroprevalence of hepatitis A, death rate and the cost parameters (direct medi-
cal cost, direct nonmedical cost and indirect cost) were derived from the studies published in the
Kerala state. However, it should be noted that some local information such as transitional proba-
bility of hepatitis A infection, utilities associated with hepatitis A health state were still lacking and
were warranted as to generate the most reliable costs effectiveness results.

It was noteworthy to address the limitations in our study. Firstly, the findings of this study may
not be generalized to whole India considering the heterogeneity of study population. However,
we can apply state-specific parameters to examine cost-effectiveness of hepatitis A vaccine in
other states in the future studies. Secondly, we assumed that all the persons would get the vaccine
at fixed time points (2 doses as per the schedule) with the coverage of 90%. Future study should be
further investigated on different scenarios with different doses and adherence rates. It could be
seen from a study in Argentina which performed various possible scenarios related to receiving
the second dose of vaccination at 18 month or 72 months. The study revealed that with one dose
of vaccination, if duration of protection is less than anticipated giving second dose of hepatitis A
vaccine would be more cost effective [54]. In addition, cost of hepatitis A vaccination implementa-
tion was not included in our study. Given that the cost of vaccination implementation is minimal
as it will be added on to the existing EPI program and that the findings indicated that all vaccina-
tion strategies are cost-saving, we believed that if vaccination implementation cost were to consid-
ered the conclusions of cost-effective findings should remain unchanged.

At present, the National Technical Advisory Group on Immunization (NTAGI) by the
Government of India recommended the use of hepatitis A vaccination only in the context of
epidemic control and for individual use and indicated need of doing further cost effectiveness
studies on hepatitis A vaccination [55]. However, Indian Academy of Paediatrics (IAP) has
advocated inclusion of hepatitis A vaccination in immunization schedule [13].

Conclusion

Hepatitis A vaccination was cost-saving in both children aged 1 year and individuals aged 15
years with or without screening. Our findings provide supporting evidences for the inclusion
of hepatitis A vaccination into the vaccination program in Kerala state, India.
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