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ABSTRACT

Objective To estimate the cost-effectiveness of hepatitis E vaccination among pregnant women in epidemic
regions. Methods A decision tree model was constructed to evaluate the cost-effectiveness of 3 hepatitis E
virus vaccination strategies from societal perspectives. The model parameters were estimated on the basis
of published studies and experts’ experience. Sensitivity analysis was used to evaluate the uncertainties of
the model. Results Vaccination was more economically effective on the basis of the incremental cost-
effectiveness ratio (ICER< 3 times China’s per capital gross domestic product/quality-adjusted life years);
moreover, screening and vaccination had higher QALYs and lower costs compared with universal
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vaccination. No parameters significantly impacted ICER in one-way sensitivity analysis, and probabilistic
sensitivity analysis also showed screening and vaccination to be the dominant strategy. Conclusion
Screening and vaccination is the most economical strategy for pregnant women in epidemic regions;
however, further studies are necessary to confirm the efficacy and safety of the hepatitis E vaccines.

Introduction

Hepatitis E is an enterically transmitted infectious disease that is an
important public health concern in developing countries in Asia
and Africa. It is generally characterized by an acute self-limited
infection; however, 1%—4% of acute cases can develop to fulmi-
nant hepatic failure (FHF), which is a risk factor for death among
patients infected with hepatitis E virus (HEV)."” The fecal-oral
route of infection with HEV genotypes 1 and 2 is responsible for
waterborne epidemics or outbreaks in regions without sufficient
sanitation measures.>* Compared with the general population, the
probability of death among pregnant women is estimate to 0.198 in
9 Global Burden of Diseases regions,” and the adverse pregnancy
outcomes include, but are not limited to abortion, stillbirth, and
intra-uterine death.*” Moreover, several surveys have reported ver-
tical transmission of hepatitis E,*'° which may increase the costs of
health-care services and decrease quality of life.

Conventional strategies, such as improvements in sanitation
and treatment of drinking water in developing regions, may not be
efficient tools to prevent epidemics or outbreaks of HEV infection,
and hepatitis E vaccines are a powerful measure to halt transmis-
sion."" To date, only 2 vaccine candidates have completed phase 2
trials in humans, among which a genotype 1 HEV recombinant
vaccine'”'* has a reported efficacy of 95.5% (95% CI: 85.6%-
98.6%) in a phase 2 trial after 3 doses administered to 2,000 healthy
Nepalese adults; however, further development of this vaccine has
not been reported, likely due to the lack of long-term efficacy or
commercial benefits."> Another candidate, the HEV239 vaccine, is
the only vaccine that has completed a phase 3 trial in China '*"
and has been approved for use in Chinese adults aged 16 y and

older."® The efficacy of 3 doses of HEV239 vaccine during the
phrase 3 trial comprising 11,165 participants was 100% (95% CI:
72.1%-100%)."” A previous study reported that the protection
offered by the HEV239 vaccine can last several years in healthy
adults, and it is effective and safe for the general population living
in China."” Moreover, one study reported that its adverse effects
were not significantly different between incidentally vaccinated
pregnant women and vaccinated non-pregnant women, which
may provide evidence for research on immunization strategies.*
Currently, only inactivated influenza and tetanus, diphtheria, and
pertussis (Tdap) vaccines are approved for use in pregnant women
during their second or third trimesters,”’ >’ and other vaccines
available to pregnant women should be used with caution. Thus,
our study assessed the economics of pregnant women who had vac-
cinated before conception.

Decision tree models have been used to simulate vaccination
strategies in pregnant populations.*">*® Therefore, the aim of
the present study was to use a decision tree model to evaluate
the cost-effectiveness of hepatitis E vaccination among pregnant
women living in epidemic regions in order to determine if hepa-
titis E vaccination should be considered a useful strategy.

Results

Incremental cost-effectiveness ratio (ICER) of HEV
vaccination

Table 1 showed the ICER values of 3 scenarios assessed by
the decision tree model. The results demonstrate that the
strategy of vaccination was dominant on the baseline value
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Table 1. Costs and effectiveness outcomes using the model (10,000 pregnant women).

Scenarios Total cost ($) Incremental cost ($) Total QALYs Incremental QALYs ICER ICER™
Screening and vaccination 1262425.72 —69900.54 9991.91 124.40 <0 <0
Universal vaccination 1339942.66 7616.40 9991.12 123.61 61.61 —
No vaccination 1332326.26 — 9867.51 — — —

Note. QALYs: quality adjusted life years; ICER: incremental cost-effectiveness ratio.
“no-vaccination strategy was used as the control;
*“universal vaccination strategy was used as the control.

of the parameters (ICER < 3 times per capital GDP/
QALYs). Compared with the lack of vaccination, pregnant
women in the group of individuals who received universal
vaccination could gain a total net effectiveness of 123.61
QALYs and a total net cost of $—7,616.40, while vaccina-
tion after screening could result in net QALYs of 124.40
and savings of $69,900.54; moreover, screening and vaccina-
tion might acquire a net effectiveness of 0.78 QALYs and
savings of $77,516.94 in the cohort that received universal
vaccination.

Sensitivity analysis

According to one-way sensitivity analysis, no variables had
a significant effect on the change of the dominant strategy,
thus, vaccination remained cost-effective. The results of
probabilistic sensitivity analysis based on Monte Carlo sim-
ulations (Fig. 1) revealed that, compared with the lack of
vaccination, points of the other 2 strategies were located
below willingness-to-pay thresholds ($22,813.37/QALYs),
indicating that vaccination was the dominant scenario in
the cohort of 10,000 women living in epidemic regions.
Compared with universal vaccination, most points of the
screening and vaccination strategy were located in the

fourth quadrant, indicating an incremental effectiveness and
incremental cost above and below zero, respectively, sup-
porting the conclusion that screening and vaccination was
the most effective strategy for decreasing costs and increas-
ing QALYs.

Discussion

HEV infection is responsible for 50% of acute viral hepatitis
(AVH) cases in endemic regions.ls’27 More than one-third of
the world’s population is infected with HEV." In developing
countries, several outbreaks of hepatitis E have been
reported,”® ™ with distinct characteristics including high mor-
bidity and mortality due to FHF in pregnant women.’' Meas-
ures to decrease exposure to HEV and enhance immunity via
vaccination are considered appropriate preventive strategies.’
The phase 3 trial of the HEV239 vaccine is complete,'”'® and
this vaccine is commercially available in China.

Our preliminary analysis of epidemic regions indicated that
HE vaccines could be cost-effective in pregnant women. More-
over, the gained QALYs and saved costs using the screening
and vaccination strategy were higher than those obtained using
universal vaccination. Therefore, based on the reported efficacy
and safety of HE vaccines, target vaccination of women who
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Figure 1. Results of probabilistic sensitivity analysis The x-coordinate corresponds to the incremental QALYs gained, while the y-coordinate corresponds to the incremen-
tal cost saved ($); WTP=3 times China’s per capital gross domestic product ($) /QALYsAbbreviations: ICER: incremental cost-effectiveness ratio; QALYs: quality-adjusted
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plan to conceive and who are living in epidemic regions is a via-
ble strategy for policy makers.

The sensitivity analysis indicated that none of the parame-
ters’ ranges included in Table 2 had the ability to change the
dominant strategy, but HEV antibody seroprevalence, vaccine
efficacy, and vaccine price might be the most important factors
for policy makers to consider when determining the advisability
of vaccination, as the seroprevalence of HEV antibody among
pregnant women in different countries or regions differs as a
function of the gestational or pregnant age.”> In developing
countries, the seroprevalence has been reported to be 84.3%
among those living in rural villages in Egypt,’® 33.67% in
Northern India,”” 14.17% in 5 cities in Gabon,”® 10.24% in
Yunnan in China,” and 3.68% in Urmia in Iran.** Vaccination
should be performed after determining the prevalence of HEV
antibodies in the population using national or regional field
surveys. The long-term efficacy of the HEV239 vaccine in the
general population did not decrease significantly compared
with the 56-Kp, vaccine,'"” but the efficacy of HE vaccines in
pregnant women has not yet been confirmed. Moreover,
although the cost range of HE vaccines did not significantly

Table 2. Model parameters.

Parameters Baseline Range Source
Probability

Incidence 0.238 0.1727-0.3333 64850

Symptomatic infection 0.198 0.167-0.229 3

Seroprevalence of HEV antibody 0.0883  0.005-0.67 6364

Probability of non-FHF 0.55 0.19-0.75 5153

Probability of FHF 0.45 0.25-—0.81 51-53

Hospitalization rate 0.328 0.273-0.391 1719
Death
Non-FHF

Pregnant woman 0 0.00-0.025 51-53,57, 58

Fetus” 0.05 0-0.10 51-53,57, 58
FHF

Pregnant woman 0.48 0.13-0.79 5456

Fetus” 0.21 0.14-0.38 3456

Efficacy of vaccine 0.933 0.721-1 1719
Cost ($)

Vaccine (3 doses) 121.33 16.31-146.78 596567

Administration (3 doses) 3.73 147-18 59 60,68

Screening 408 0

Outpatient medical cost 13424  74.98-219.29 59,61
Inpatient medical cost

Non-FHF 2,169.10 510.46-6,771.39 59, 61

FHF 1,0581.68 1,025.25-2,7856.49
Medical cost of death

Non-FHF 5,000 2446.26-8,377.96 2"

FHF 13,600 12,000-24,932.46 2

Fetus 2,956.68  2,446.26-5,000 2,24
Work days lost

Outpatient 3.63 3-10 59,60
Inpatient

Non-FHF 24 17.47-33.20 59,69

FHF 30 17-40 4

Death 40 20-60 8
QALYs

Healthy/asymptomatic 1.00 60, 68

Outpatient 0.83 24,60

Non-FHF 0.75 24,60

Non-FHF (fetal death) 0.41 60

FHF 0.42 60,70

FHF (fetal death) 0.21 60

Death 0 60, 68

Note. HEV: hepatitis E virus; FHF: fulminant hepatic failure; non-FHF: non fulminant
hepatic failure; QALYs: quality-adjusted life years.
* probability of fetal death with maternal survival.
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affect the dominant strategy in epidemic regions, more appro-
priate pricing of HE vaccines may influence policy makers’
decisions regarding vaccination in areas with sporadic feature,
which are the more common phenomenon worldwide.*!

This study had some limitations. First, seasonality”* and ges-
tational age*” which are both related to the morbidity and mor-
tality of HEV infections, were not considered in this study;
second, with regard to the cost-effectiveness of vaccination,**™*°
although we attempted to improve the accuracy of the parame-
ters, data concerning the QALYs of HEV-infected patients was
lacking. Moreover, the HE vaccinees belonged to the general
population in China, where genotype 4 HEV infection predom-
inates. When rhesus monkeys were used as the infection model,
the protection conferred by HEV vaccination against genotype
4 HEV was not significantly different from the protection
against genotype 1.*° However, its efficiency and safety against
acute infections or FHF due to genotype 1 or 2 HEV infection
in the general or target population, such as pregnant women,
requires further elucidation.'>*’

In conclusion, the current model predicts that vaccination
could save life-years and decrease total future costs during
pregnancy. The costs of vaccination, efficacy of vaccines, and
seroprevalence of HEV antibodies may serve as relevant infor-
mation for policy makers developing more comprehensive eval-
uations of vaccination at national and international levels.

Materials and methods
Decision tree model

Based on the assumption of a single outbreak or epidemic per
year, a decision tree (details shown in Fig. 2) was constructed
to evaluate 3 vaccination scenarios: universal vaccination,
screening and vaccination, and no vaccination. The screening
and vaccination scenario predicted that women of childbearing
age negative for HEV antibodies after screening would be vacci-
nated, and that all vaccinated members would receive 3-dose
vaccines, with 100% of vaccine coverage. A cohort of 10,000
pregnant women who received these strategies before becoming
pregnant was used to evaluate the economics during the out-
break or epidemic. In addition, the model was run from societal
perspectives.

In this study, each woman of childbearing age has the right
to choose to be vaccinated, vaccinated while negative for HEV
antibodies, or not vaccinated before becoming pregnant. The
outbreak or epidemic would be occurred to this population
who were during pregnant. Based on the reported efficacy and
safety of the HEV239 vaccine in the general population and
incidence of outbreaks or epidemics, each pregnant woman
had a probability of having hepatitis E, and each patient diag-
nosed with acute hepatitis E might develop FHF, and all fulmi-
nant cases were assumed to require hospitalization. Other cases
of pregnant women with acute infections had a probability of
visiting the outpatient department, where only hospitalized
individuals had a probability of death. Admitted patients had 2
kinds of outcome: survival or death, and surviving pregnant
women could have live or dead fetuses. We assumed that
fetuses that died during pregnancy in these women died due to
HEV infection.
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Figure 2. Cost-effectiveness model Abbreviations: HEV: hepatitis E virus; FHF: fulminate hepatitis failure; Non-FHF: non-fulminate hepatitis failure.

Several hypotheses were used in the model: first, cohort
members received HE vaccine at 0, 1, and 6 months via intra-
muscular injection, according to the phrase 3 trial protocols;'”
second, vaccines were administered to women who intended to
become pregnant women, rather than to pregnant women, and
adverse effects were ignored; third, all vaccinated members
would be pregnant women within one year after immunization,
and the probability of failure to conceive in this time was
ignored; fourth, declining vaccine protection before or during

pregnancy was ignored; 5, pregnant women with natural
immunity would never be infected with HEV during this
pregnancy.

Model inputs

The model parameters were identified based on searches of
published data and experts’ opinions (Table 2).



Probabilities

Morbidity was defined as the median reported incidence of
pregnant women during outbreaks or epidemics.****° We
assumed a symptomatic rate of 19.8% in HEV-infected cases,
that 45% of symptomatic cases could develop to FHF,”'** and
that 48% of pregnant women diagnosed with FHF might
die,>*>% a mortality rate much higher than that of non-fulmi-
nate cases.”” *>°7%%

Costs

The cost of HE vaccine was 248 RMB/per dose according to
Innovax (Xiamen, China), and the cost of administration per
dose was estimated at 7.63 RMB based on published articles. >
The medical costs of infected pregnant women were also
obtained from surveys and published articles,”" ******* and the
medical costs of pregnant women who died due to AVH or
FHF included the costs of fetal death; we assumed that fetuses
died when their infected mothers died, and the costs of fetal
death were only used in the calculation of surviving pregnant
women whose developing fetus died (Table 2). The costs and
QALYs of the fetuses themselves were ignored, but the influ-
ence of the status of the fetus on pregnant woman was consid-
ered in this study. The equation described by Rein et al.** was
used to calculate the costs of work loss (Productivity Losses =
(per capital GDP/365.25) ( Duration of work loss)). In China,
per capital GDP in 2014 was 46,629 RMB, and this study
assumed that per capital GDP in 2015 was equal to GDP/capita
in 2014 (http://data.stats.gov.cn/easyquery.htm?cn=C01). All
costs were in 2015 US dollars (1 dollar =6.1318 RMB yuan in
2015).

QALYs

QALYs were used to quantify the effectiveness of vaccination
and clinical outcomes associated with hepatitis E in pregnant
women, but QALYs of HEV-infected cases were not assessed
using field surveys in the world, and QALYs of another enteri-
cally-transmitted hepatitis (hepatitis A) might be an appropri-
ate alternative to hepatitis E; moreover, pregnancy were
considered in this study, QALYs of influenza which could be
prevent by vaccines in pregnancy, might be another suitable
choice to hepatitis E; furthermore, unlike costs, there was not
appropriate method to convert QALYs of patients living in
other countries to QALYs of Chinese person. Therefore, this
parameter was calculated according to studies by Rein et al.
and Richard et al.,>*%° which performed economic evaluations
of HAV or influenza vaccination outside China.

Model analysis

All analyses were conducted using TreeAge Pro 2014 software.
The ICER was used to compare 3 alternative strategies. One-
way sensitivity analysis was applied to all parameters using the
range values shown in Table 2, and probabilistic sensitivity
analysis with 10,000 simulations was performed to assess the
impact of parameter uncertainty on the ICER. The probability
of symptomatic infection was assigned a g distribution as
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described by Rein et al,” and other parameters were assigned
triangle distributions due to limited published data.

Abbreviations

GDP Gross domestic product
FHF Fulminant hepatic failure
HEV Hepatitis E virus

HE Hepatitis E

AVH Acute viral hepatitis
ICER Incremental cost-effectiveness ratio
QALYs  Quality-adjusted life years.
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