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a b s t r a c t

Background: Pregnan t w om en and in fants are know n as h igh risk groups for influenza. W HO recom m end

pregnant w om en be vaccinated w ith inactivated influenza vaccine. In Japan , som e m un icipalities started

to give subsidy to encourage pregnan t w om en to receive a shot on their ow n accord, w hich has m ade the

introduction of seasonal antepartum m aternal vaccination program (AMVP) into the routine vaccination

list a current top ic in health policy and has raised the need to evaluate the value for m oney of such pos-

sibility.

Methods: We conducted a cost-effectiveness analysis to evaluate the effi ciency of conducting AMVP in

Japan. A decision tree m odel w as adopted taking into consideration the duration of single-year vaccine

effectiveness for in fants and for m others. The program targeted pregnant w om en aged 20–49 years old

at or over 12 w eeks gestation during October 1 through M arch 30. Estim ated probabilities of treatm ents

received due to influenza for pregnant/postpartum w om en or their in fants varied by calendar tim e, vac-

cination status, and/or gestational age. Increm ental cost-effectiveness ratio (ICER) com pared w ith current

no-AMVP from societal perspective w as calcu lated. Transition probabilities, utility w eights to estim ate

quality-ad justed life year (QALY), and disease treatm ent costs w ere either calcu lated or extracted from

literature. Costs per vaccination w as assum ed at ¥3,529/US$32.1.

Results: AMVP reduces d isease treatm ent costs, w hile the reduction cannot offset the vaccination cost.

Increm ental QALYs w ere at 0.00009, am ong them 84.2% w ere from in fants. ICER w as ¥7,779,356/US$7

0,721 per QALY gained. One-w ay sensitivity analyses revealed that vaccine effectiveness for in fan t and

costs per shot w ere the tw o m ain key variables affecting the ICER.

Conclusion: W e found that vaccinating pregnant w om en w ith influenza vaccine to prevent unvaccinated

in fants and pregnant/postpartum w om en from influenza-associated disease in Japan can be cost-effective

from societal perspective, under the WHO-suggested ‘‘cost-effective” criteria (1–3 tim es of GDP).

2020 Elsevier Ltd. All rights reserved.

1. Int roduct ion

Pregnant w om en have increased risk of severe disease and

death from influenza w ith the infection leading to possible com pli-

cations such as stillbirth, neonatal death, preterm delivery, and

decreased birth w eight [1]. In fants aged <6 m onths are particularly

at high risk for influenza-associated hospitalization, since their

im m une response to inactive influenza vaccination is relatively

poor [2,3]. The risk groups for influenza, as defi ned by World

Health Organization (WHO), include pregnant w om en, children

aged <5 years old, the elderly, and individuals w ith underlying

health conditions such as HIV. According to WHO, ‘‘countries con-

sidering the initiation or expansion of program s for seasonal influ-

enza vaccination, pregnant w om en should have the highest

priority. W hereas, countries w ith existing influenza vaccination

program s targeting children aged 6–59 m onths, the elderly, indi-

viduals w ith specific chronic m edical conditions, or health-care

w orkers, should incorporate im m unization of pregnant w om en”

[4]. WHO recom m ended that ‘‘the pregnant w om en be vaccinated

w ith trivalent inactivated influenza vaccine (TIV) at any stage of

pregnancy, based on the evidence that TIV is safe throughout
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pregnancy and it is effective in preventing influenza in w om en as

w ell as their in fants” [4]. Vaccination program s targeting pregnant

w om en w ere show n to be cost-effective from England and W ales,

Belgium , and Canada [5–7], w hereas vaccination of pregnant

w om en w ith additional co-m orbidities w as found to be cost-

saving from the United States [8].

In Japan, only people aged 65 or over and people aged 60–64

w ith underlying conditions are eligible for routine vaccination

based on the Im m unization Act.W hile during the 2009 H1N1 pan-

dem ic,M inistry of Health, Labour and Welfare (MHLW ) announced

that pregnant w om en w ere included in the priority list to receive

H1N1pdm 09 vaccine, w herein m ore than 60% of pregnant w om en

w ere vaccinated w ithin 1.5 m onths after the vaccine’s availability

[9,10]. Seasonal TIV had been substituted by quadrivalent inacti-

vated influenza vaccine (QIV, an egg-derived vaccine produced by

four dom estic pharm aceutical com panies) from 2015/16 season.

W hile influenza vaccination on pregnant w om en is not on the rou-

tine vaccination list, pregnant w om en can avail the vaccine at per-

sonal expense. Am idst the lack of a national/regional vaccine

coverage, previous cohort studies on vaccine effect/disease burden

indicated vaccine uptake rates ranging from 20 to 50% [11–15].

Recently, som e m unicipalities started to give subsidy to encourage

pregnant w om en to receive a shot on their ow n accord, w hich has

m ade the introduction of seasonal m aternal influenza vaccination

into the routine vaccination list a current topic in health policy

and has raised the need to know w hether the benefi t of vaccination

justify its added costs. Our study aim ed to estim ate the value for

m oney of vaccinating pregnant w om en by using QIV in Japan,

assum ing that in the future, Japan m ay need to consider the im ple-

m entation of this strategy.

2. Method

2.1. Literature search

We searched various databases for the param eters, w hich w ere

included in the m odeling. Studies pertain ing to epidem iology and

prognosis of influenza-relevant disease in Japan’s setting w ere

accessed from Medline database, Igaku Chuo Zasshi database (a

Japanese m edical bibliographic database w hich contains over 10

m illion citations originating from Japan), MHLW Grant System ,

and annual statistical reports published by the governm ent. Due

to insuffi cient evidences from Japan, overseas’reports from Med-

line, The Cochrane Database of System atic Review s, Health Tech-

nology Assessm ent database, and National Health Service,

Econom ic Evaluation Database regarding vaccine effectiveness

and utility w eights to estim ate QALY w ere used instead.

2.2. Models and variables

A decision tree m odel w as used to estim ate the cost-

effectiveness of 1-dose antepartum m aternal seasonal influenza

vaccination program (AMVP) by com paring w ith current no-

AMVP strategy. AMVP targeted pregnant w om en aged 20–49 years

old at or over 12 w eeks gestation, during one influenza season.

Though WHO recom m ended that a vaccine can be received at

any stage of pregnancy, in our m odel, w e assum ed that they w ill

receive the vaccine at a gestational age of 12 w eeks (i.e, from sec-

ond to third trim ester). The choice of gestational age is supported

by the frequency of use of inactive influenza vaccine, w hich sup-

ports vaccine safety during pregnancy [16], com pared the less fre-

quent use of the recently licensed QIV [17]. The benefi ts of

vaccination included the prevention of influenza in pregnant

w om en/postpartum m others and their in fants (aged <6 m onths).

Effectiveness of the strategy w as estim ated in quality-adjusted life

years (QALYs) to account for both tim e and quality of life of pre-

vented influenza cases. The increm ental cost-effectiveness ratio

(ICER) w as estim ated by dividing the difference in net cost in

AMVP and no-AMVP strategy by the difference in QALY gained

betw een the tw o strategies.

W e estim ated ICER from societal perspective, w hich in this case

is also payer’s (including governm ent, m unicipalities, vaccinees,

patients, and third-party payers) perspective, because pregnant

w om en tend to uptake a shot in their routine prenatal visit, and

m aternity leave (six w eeks ahead of expected date of birth to eight

w eeks after delivery for all the fem ale em ployees) as w ell as child-

care leave (one year for m ale/fem ale em ployee) are provided under

Japanese law . Therefore, there is no need to consider productivity

loss due to vaccination or disease treatm ent.

Our m odel assum ed: (1) even in the last m onth of pregnancy,

w om en w ill uptake the vaccine if they are w illing to do so, (2) if

a pregnant w om en has a gestational age of <12 w eeks by the end

of calendar m onths from October to January, catchup vaccination

w ill be done from Novem ber to March w hen her gestation age

reaches 12 w eeks, (3) a 4-w eek delay before vaccinees benefi t

from vaccine protection [18–20], (4) vaccination given 1 m onth

before delivery confers seroprotection to neonates, though study

reported 2 w eeks [21], (5) no association betw een m aternal influ-

enza vaccination and adverse birth outcom es [22], (6) influenza

season is from October through April, (7) vaccine supply w ould

be available on Oct 1, and is assum ed to be sufficient throughout

the season, (8) vaccine effectiveness (VE) is not expected to last

until the next flu season, and (9) all pregnancies are singleton to

sim plify the m odel (m ultip le pregnancy is low in Japan at 1.04%

in 2017) [23].

In the decision tree (Fig. 1), the targeted pregnant w om en w ere

assum ed to fi rstly decide w hether or not and w hen (any m onth

from October to March) to receive a flu shot. Regardless of vaccina-

tion status, the m odel then continued w ith livebirth or stillbirth. In

the m other w ith livebirth branch, the costs of treatm ent (if any) as

w ell as QALYs of the m other and her infant w ill be com bined. On

the other hand, in the m other w ith stillbirth branch, only costs

and QALYs of m other w ere included. Pregnant /postpartum w om en

(regardless of vaccination status) and infants (regardless of his/her

m other’s vaccination status) follow ed by any of the follow ing three

or four outcom es, respectively: (1) not had influenza, (2) received

outpatient treatm ent due to influenza and recovered from illness,

(3) hospitalized due to influenza and recovered from illness, and

(4) deaths related to seasonal influenza (in fant only). No m aternal

deaths occurred w ith regard to seasonal influenza based on a

report in 2009 [9]. The no-vaccination branch w as identical w ith

the vaccination branch except that VE w ill apply only on vaccina-

tion branch. Adverse effects of vaccination w ere not incorporated

based on reports from the study of Jackson et al. [24]. Herd im m u-

nity w as not considered because pregnant w om en w ere only a part

of the population and not a key population related to transm ission

[25]. The m odel w as built using TreeAge Pro softw are (version

2019; TreeAge, Inc, W illiam stow n, MA).

2.3. Parameters in model

Probability that a pregnant w om an received a shot in current

no-AMVP strategy, at 0.27, w as from Ohfuji et al. [14]. On the other

hand, the probability for AMVP strategy, at 0.60, w as based on the

H1N1 m onovalent vaccine coverage rate and vaccine uptake rates

reported by cohort studies on seasonal influenza disease burden

[9–15].

The percentage of receiving a shot by m onth (from October to

March), 14.8% , 35.2%, 48.0% , 0.67% , 0.67% , and 0.67% , respectively,

w ere based on the estim ation of cum ulative supply of QIV by

m onth in 2018/19 season [26]. Month-specifi c probability of a
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target delivery and a stillbirth occurrence, w ere based on Vital

Statistics and perinatal m ortality in Japan [23]. Since w e aim ed

to estim ate the difference of costs and QALYs betw een tw o strate-

gies, probabilities of a pregnant w om an receiving outpatient treat-

m ent due to influenza w ere conditional on the tim ing of a w om an

w ho received vaccine and the length of expected VE. For instance,

if vaccine w as received in October, the expected VE length is from

Novem ber to April, w ith the probability estim ated as ‘‘cum ulative

num ber of influenza patients from Novem ber to April/correspond-

ing population”. Expected VE length is assum ed to start from the

m onth after the shot w as received until April the succeeding year,

for exam ple if received in Novem ber, expected VE length is from

Decem ber to April and, if Decem ber, then January to April.

Expected VE length, how ever, w ill only be in April if the shot

w as received in March. For infants, the probability of receiving out-

patient treatm ent due to influenza w as conditional on m aternal

vaccination status and birth m onth by calendar. For exam ple, if

born in Novem ber, the probability w as estim ated as ‘‘cum ulative

num ber of influenza patients from Novem ber to April/correspond-

ing population”; if born in Decem ber, from Decem ber to April and

if born in April, ‘‘April only”, etc.W hile if born in May or after, there

is no need to estim ate the probability since it is beyond the influ-

enza season in Japan. Population and cum ulative num ber of influ-

enza patients w ere from Vital Statistics [27] and ‘‘num ber of

influenza patients from w eekly surveillance report for the

2018/19 season” published by the National Institute of In fectious

Diseases (NIID) [28], respectively. Since there are no direct data

w hich reported the influenza incidence or num ber of influenza

patients of pregnant w om en and infants aged under 6 m onths,

w e instead used the data of 20–49 years old for pregnant/postpar-

tum w om en and 0–4 years old for in fants, to estim ate these prob-

abilities. Fig. 2 show s the w eekly reports of num bers of influenza

patients (0–4 years old and 20–49 years old) by NIID. Cases in NIID

reports [28] m ay not be laboratory-confi rm ed influenza, but

physician-diagnosed influenza. In Japan, influenza rapid diagnostic

test is routinely perform ed for patients w ho visit clin ics and hospi-

tal for treatm ent of acute febrile respiratory illnesses during the

influenza season [14]; w e considered using this in form ation to

estim ate the probability w henever appropriate. The probabilities

of being hospitalized am ong outpatient influenza patients for preg-

nant/postpartum w om en, 0.023, w as from Yam ada et al. [11],

w hile for in fant patients, it w as assum ed at 0.20 based on Ohfuji

et al. [14]. Probability that any infant dies of influenza (0.28 per

100,000) w as based on 2009 H1N1 epidem ic [29]. All these data

w ere show n in Table 1.

2.4. Vaccine effectiveness

VE in reducing illness due to influenza for in fants born to vacci-

nated m others w as assum ed at 61% (95% confidence interval (CI):

15–81% ) based on a cohort study by Ohfuji et al. [14], w hich is

the fi rst study that reported the effects of m aternal vaccination

(prenatal and postpartum ) on influenza am ong infants by using a

large cohort of in fants (n > 3,000). VE for in fants w as assum ed to

last the entire 6 m onths after delivery [14,19]. The study period

of Ohfuji et al. spanned throughout the w hole influenza season,

w hich m eans, the w aning im m unity of vaccine, as pointed by som e

studies [30,31], w as already included in the reported VE. Thus, the

use of the 61% in base-case and 95% CI in sensitivity analysis are

fu lly justifi ed. Few studies evaluated VE against seasonal influenza

for pregnant w om en and since the results are inconsistent [20,32–

34], w e assum ed 50% as VE for pregnant w om en/postpartum

w om en, based on (1) Cochrane review reported for pregnant

w om en is at 50% for pH1N1-contain ing vaccine [35], and (2) the

pooled VE (14.5–71.2%) for healthy adults from eight studies [36].

2.5. Utilities

The utility w eights for pregnant/postpartum w om en w ho

received outpatient treatm ent w ere based on a study by O’Brien

et al. [37]. O’Brien et al. reported the health state utility scores

(m easured by visual analog scale) from adult patients w ith influ-

enza infection w ho received oseltam ivir treatm ent from day 1 to

day 7 (the scores are 0.42, 0.50, 0.61, 0.69, 0.75, 0.79, and 0.82,

respectively). Assum ing that the duration of influenza w as 7 days,

QALY w as estim ated as (0.42 + 0.50 + 0.61 + 0.69 + 0.75 + 0.79 + 0.

Fig. 1. Decision tree m odel. h : Decision node; s : Chance node; R: Sum of both m other’s and infant’s results. AMVP: antepartum m aternal seasonal influenza vaccination

program . VE: vaccine effectiveness.
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Table 1
Variables.

Num ber and percentage of birth and fetal death by m onth [23]

Birth (% ) Fetal death (% )

Jan 75,528 (8.63) 772 (1.01)

Feb 71,898 (8.22) 873 (1.20)

Mar 78,471 (8.97) 843 (1.06)

Apr 75,255 (8.60) 755 (0.99)

May 80,890 (9.24) 786 (0.96)

Jun 77,035 (8.80) 822 (1.06)

Jul 84,390 (9.64) 766 (0.90)

Aug 85,456 (9.77) 852 (0.99)

Sep 84,899 (9.70) 818 (0.95)

Oct – –

Nov 78,239 (8.94) 829 (1.05)

Dec 83,027 (9.49) 767 (0.92)

Estim ated probabilities of receiving outpatient treatm ent due to influenza by delivery due date (conditioned on length of vaccine effectiveness; VE) [27,28]

Pregnant/postpartum w om en Infants

Lengths of VE Estim ated probabilities of receiving

outpatient treatm ent

Lengths of VE Estim ated probabilities of receiving

outpatient treatm ent

Due date 4/15 (12-w eek gestation date: 10/12)

vaccinated in Oct Nov-Apr 0.0131 Apr 0.0095

vaccinated in Nov Dec-Apr 0.0156

vaccinated in Dec Jan-Apr 0.0180

vaccinated in Jan Feb-Apr 0.0090

vaccinated in Feb Mar-Apr 0.0024

vaccinated in Mar Apr 0.0023

Due date 3/15 (12-w eek gestation date: 9/1)

vaccinated in Oct Nov-Apr 0.0131 Mar-Apr 0.0108

vaccinated in Nov Dec-Apr 0.0156

vaccinated in Dec Jan-Apr 0.0180

vaccinated in Jan Feb-Apr 0.0090

vaccinated in Feb Mar-Apr 0.0024

vaccinated in Mar Apr 0.0023 – –

Due date 2/15 (12-w eek gestation date: 8/3)

vaccinated in Oct Nov-Apr 0.0131 Feb-Apr 0.0459

vaccinated in Nov Dec-Apr 0.0156

vaccinated in Dec Jan-Apr 0.0180

vaccinated in Jan Feb-Apr 0.0090

vaccinated in Feb Mar-Apr 0.0024 – –

vaccinated in Mar – – – –

Due date 1/15 (12-w eek gestation date: 7/3)

vaccinated in Oct Nov-Apr 0.0131 Jan-Apr 0.1095

vaccinated in Nov Dec-Apr 0.0156

vaccinated in Dec Jan-Apr 0.0180

vaccinated in Jan Feb-Apr 0.0090 – –

vaccinated in Feb – – – –

vaccinated in Mar – – – –

Due date 12/15 (12-w eek gestation date: 6/2)

vaccinated in Oct Nov-Apr 0.0131 Dec-Apr 0.0913

vaccinated in Nov Dec-Apr 0.0156

vaccinated in Dec Jan-Apr 0.0180 – –

vaccinated in Jan – – – –

vaccinated in Feb – – – –

vaccinated in Mar – – – –

Due date 11/15 (12-w eek gestation date: 5/3)

vaccinated in Oct Nov-Apr 0.0131 – –

vaccinated in Nov Dec-Apr 0.0156 – –

vaccinated in Dec – – – –

vaccinated in Jan – – – –

vaccinated in Feb – – – –

vaccinated in Mar – – – –

Due date 9/15 (12-w eek gestation date: 3/3)

vaccinated in Oct – – – –

vaccinated in Nov – – – –

vaccinated in Dec – – – –

vaccinated in Jan – – – –

vaccinated in Feb – – – –

vaccinated in Mar Apr 0.0023 – –
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82 + 365–7)/365 = 0.9934. For hospitalized patients, w e assum ed

that the w orst utility, 0.42, continued for 3 days then w as sim ilar

to outpatients’ (0.82) at day 9, w hich also continued for 3 days,

based on a study w hich reported that 11 days w as the average

length of hospital stay of Japanese patients w ith influenza [38].

Thus, the QALY w as estim ated as 0.42 3 + 0.50 + 0.61 + 0.69 +

0.75 + 0.79 + 0.82 3 + 365–11)/365 = 0.9892. Since the literature

search did not identify any study reporting the utility related to

influenza disease of infants < 6 m onths, w e utilized 0.9930 and

0.9880 for outpatient and hospitalized patient, respectively, from

previous cost-effectiveness studies [39–41]. We assum ed there

w ere no differences betw een infants born to vaccinated m others

or unvaccinated m others sim ilar to previous studies.

2.6. Costs

The am ount of direct paym ents to health care providers by

governm ent, m unicipalities, vaccinees, patients, and third-party

payers w as estim ated as cost, w hile non-direct m edical costs

related to AMVP w ere not included, because w e assum ed that

AMVP w ill be built w ithin the public health services routine.

Vaccination cost per shot (included doctor’s fee for m edical advice

and technical fee for adm inistering), ¥3,529/US$32.1 (1US$ =

¥110), w as the national average costs per shot for adult w ithout

any public subsidy in 2018/19 season [42]. Treatm ent cost per

case for hospitalized pregnant/postpartum w om en and infants,

¥609,186/US$5,538 and ¥277,480/US$2,523, respectively, w ere

from Srum asiri et al. [38], w hich used adm inistrative database

(including approxim ately 4,400,000 patients, representing

approxim ately 3% of the total Japanese population) to report the

m ean total healthcare cost of hospitalized influenza patients.

Treatm ent costs per case for outpatient pregnant/postpartum

w om en, at ¥15,000/US$136, w as from Kaji et al. [43], for in fants,

at ¥10,000/US$91 w as estim ated by using national fee schedule.

For infants w ho died due to influenza, w e assum ed a 2-day stay

in neonatal intensive care unit (NICU) am ounting to costs

assum ed at ¥486,339/US$4,421 (costs of hospitalization plus

associated costs in NICU).

Table 1 (continued)

Num ber and percentage of birth and fetal death by m onth [23]

Birth (%) Fetal death (%)

Due date 8/15 (12 w eek gestation date: 1/31)

vaccinated in Oct – – – –

vaccinated in Nov – – – –

vaccinated in Dec – – – –

vaccinated in Jan – – – –

vaccinated in Feb Mar-Apr 0.0024 – –

vaccinated in Mar Apr 0.0023 – –

Due date 7/15 (12-w eek gestation date: 12/31)

vaccinated in Oct – – – –

vaccinated in Nov – – – –

vaccinated in Dec – – – –

vaccinated in Jan Feb-Apr 0.0090 – –

vaccinated in Feb Mar-Apr 0.0024 – –

vaccinated in Mar Apr 0.0023 – –

Due date 6/15 (12 w eek gestation date: 12/2)

vaccinated in Oct – – – –

vaccinated in Nov – – – –

vaccinated in Dec Jan-Apr 0.0180 – –

vaccinated in Jan Feb-Apr 0.0090 – –

vaccinated in Feb Mar-Apr 0.0024 – –

vaccinated in Mar Apr 0.0023 – –

Due date 5/15 (12-w eek gestation date: 10/31)

vaccinated in Oct – – – –

vaccinated in Nov Dec-Apr 0.0156 – –

vaccinated in Dec Jan-Apr 0.0180 – –

vaccinated in Jan Feb-Apr 0.0090 – –

vaccinated in Feb Mar-Apr 0.0024 – –

vaccinated in Mar Apr 0.0023 – –

Estim ated probability of being hospitalised am ong outpatient patient

Pregnant/postpartum w om en) 2.3% [11]

Infants 20.0% [14]

Probability of an in fant dies of influenza 0.28 per 100,000 [29]

Life expectancy of surviving infant (3% discount); years 34.42 [44]

Vaccine effectiveness (VE)

Infants 61% [14]

Pregnant/postpartum w om en 50% [35,36]

Utility w eights [37–41]

No influenza 1

Outpatient Pregnant/post-partum w om an: 0.9934; infant:0.9930

Hospitalization Pregnant/post-partum w om an: 0.9892; infant:0.9880

Death 0

Costs per vaccination ¥3,529 [42]

Costs for outpatient treatm ent/case Pregnant/post-partum w om an: ¥15,000 [43]

In fant: ¥10,000 Estim ated

Costs for hospitalization Treatm ent/case Pregnant/post-partum w om an: ¥609,186 [38]

In fant: ¥286,339 [38]
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3. Discount ing

Costs related to influenza occurred in single season, therefore

no discount rate w as applied. Life expectancy, 34.2 years [44] for

an infant w ho survived, w as discounted at an annual rate of 3%

[45].

4. Sensit ivi ty analyses

To appraise the ICERs’stability w ith the assum ptions m ade in

our econom ic m odel, w e perform ed one-w ay sensitivity analyses

w ith variables and the uncertainties utilized in the m odel. Proba-

bilistic sensitivity analyses (PSA) [45], i.e., 1000 Monte Carlo sim u-

lations, w ere also conducted. We used a triangular distribution for

costs, VEs, utility w eights, and a uniform distribution for

probabilities.

5. Cost -ef fect iveness threshold

Since there is no established threshold in judging the cost-

effectiveness of public health program s in Japan, a w illingness-

to-pay threshold at ¥5,000,000 (US$45,455) per QALY gained w as

utilized; a suggested threshold for evaluating healthcare interven-

tions [46]. Also, WHO suggests a ‘‘cost-effective” criterion at 1–3

tim es of GDP [47]. These criteria w ere used in determ ining

w hether the im m unization program w as cost-effective or not.

6. Resul ts

Table 2 show s the results of base-case analyses. Com pared w ith

current no-AMVP strategy, w e estim ated an average increm ental

effectiveness of AMVP at 0.00009 QALYs, am ong them 84.2% w ere

from infant, the rem aining 15.8% w ere from pregnant/postpartum

w om an. Though AMVP reduces disease treatm ent costs, the reduc-

tion cannot offset the vaccination costs. Estim ated ICER w as at

¥7,779,356 (US$70,721)/QALY gained.

Fig. 3 show s the im pact of individual param eters to ICER. Tw o

variables w hich changed the ICER to be greater than ¥1,000,000

(US$9,091)/QALY w ere vaccine cost and VE against in fant from out-

patient treatm ent due to influenza.

Fig. 4 show s the cost-effectiveness acceptability curve (CEAC) of

AMVP com pared to current no-AMVP. Am ong 1,000 ICERs pro-

duced by Monte Carlo sim ulations, the probabilities that ICER is

under ¥5,000,000 (US$45,455) and ¥10,000,000 (US$90,909) per

QALY gained w as at 12.1% and 70.2% , respectively. Mean ICER

w as ¥8,397,429/ US$76,340 (SD = ¥3,511,310/US$31,921) per

QALY.

7. Discussion

We conducted the fi rst cost-effectiveness analysis in Japan com -

paring AMVP (using QIV) to current no-AMVP strategy. Results

show ed that ICER of AMVP, ¥7,779,356/US$70,721 w as under the

WHO-suggested ‘‘cost-effective” criterion at 1–3 tim es of GDP

Fig. 2. Estim ated num ber of patients w ho visited m edical institutions nationw ide by w eek during 2018/19 influenza season from ‘Num bers of influenza patients w eekly

surveillance report for the 2018/19 season’reported by National Institute of Infectious Diseases.

Table 2
Resu lts.

Strategy Vaccination cost (¥ ) Disease treatm ent

cost (¥)

Total cost (¥) Effectiveness (QALY) Total Effectiveness (QALY) ICER

m other infant m other in fant both Base-case

No-AMVP 953 318 1,644 2,915 0.999925 35.06013 36.06006 –

AMVP 2,117 258 1,248 3,623 0.999939 35.06021 36.06015 7,779,356

AMVP: Antepartum m aternal vaccination program .

QALY: Quality adjusted life year.

ICER: Increm ental cost-effectiveness ratio.
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(¥ 11,000,000/US$100,000 in Japan) [47]. One-w ay sensit ivity anal-
yses show ed that ‘‘VE protect in fan t from outpat ien t t reatm ent”
and ‘‘cost s per shot” w ere the tw o key variables w hich have large

im pacts on the resu lt s. PSA show ed that the probabilit ies of AMVP
to be under ¥ 5,000,000 (US$45,455) and ¥10,000,000 (US$90,909)
per QALY are 12.1%and 70.2%, respect ively. Mean ICER ¥8,397,429/

Base-case ICER=¥7,779,356/QALY gained

Million (¥)

Fig. 3. Tornado diagram s (a con solidat ed set of on e-w ay sensit ivit y analyses). Tw o variables w hich chan ged th e ICER to be greater th an ¥ 1,000,000 (US$9091)/QALY w ere VE
again st in fan t from outpat ien t t reatm ent and vaccin at ion costs.

Million(¥)/QALY

Fig. 4. Resu lt s of probabilist ic sen sit ivit y analysis: cost -effect iveness acceptab ility curve (CEAC). Am ong 1,000 ICERs genera ted by Mont e Carlo sim ula t ion , t he probabilit ies
t hat ICER is u nder ¥5 ,000,000 (US$45,455) /¥ 10,000,000 (US$90,909) per QALY gain ed w as at 12.1%/70.2%. For cost s, VE, and u t ilit y w eight s, t r ian gular dist ribu t ions w ere
u sed , w hereas for probabilit ies, un iform dist r ibu t ion s w ere used . The low er an d u pper lim it of each variable is sh ow n on Fig. 3 . *¥4 ,419,633/US$40,263 year 2019.
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US$76,340 derived from PSA w as favored than that of determ inistic

analysis m ainly due to the usage of high upper lim it of utility

w eight of influenza related disease, w hich led to less QALY gained

and eventually contributed to higher ICER.

Since our study is the fi rst study w hich evaluated the value for

m oney of AMVP in Japan, no com parison can be done w ithin sam e

healthcare setting. Nevertheless, the current study is be com para-

ble to a study w hich evaluated the cost-effectiveness of using

pertussis-contain ing vaccine am ong pregnant w om en (AMVP-

pertussis) in Japan [48] as w ell as studies from overseas. The m odel

of AMVP-pertussis w as sim ilar to the current study, w herein the

vaccine coverage rate of AMVP-pertussis w as based on influenza

vaccine coverage am ong pregnant w om en in Japan in 2009 H1N1

pandem ic. The estim ated incidence rate of 0.0140 from the

AMVP-pertussis study w as sim ilar to the estim ated incidence from

Novem ber to April (0.0131) or from Decem ber to April (0.0156),

w hile w as slightly low er than the incidence from January to April

(0.180), and w as relatively higher than the incidence from Febru-

ary/ March/April to April (0.0090/0.0024/0.0023) in our study.

The estim ated ICER of AMVP-pertussis w as higher than that of

our study (¥9,149,317/US$93,176 vs. ¥7,779,356/US$70,721 per

QALY). Higher vaccination costs per shot of pertussis-contain ing

vaccine than that of influenza vaccine (¥6,000/US$54.5 vs.

¥3,529/US$32.1) w as considered as one of the m ain reasons w hich

can contribute to higher ICER. The authors used the sam e ‘cost-

effective’criteria sim ilar to our study (1–3 tim es of GDP, suggested

by WHO) to conclude the cost-effectiveness of AMVP-pertussis in

Japan. W e found seven studies w hich evaluated cost-

effectiveness of TIV m aternal im m unization program s from high-

incom e countries [5–8,39–41]. Am ong them , three studies, w hich

utilized the payers’ perspective, concluded that AMVP against

influenza w as cost-effective [5,6,8]. The other four studies, w hich

w ere from a societal perspective w ere all from USA [7,40,41].

Roberts et al. reported that AMVP is cost-saving w ithout the inclu-

sion of the benefi t in protecting infants [7]. Sim ilarly, Myers et al.

and Beigi et al. reported cost-effective [40,41]. Xu et al. (2016) also

reported the cost-effectiveness in m oderate or severe influenza

seasons, but not in m ild influenza seasons [39]. Am ong these four

studies, the incidence rates of the form er three studies w ere based

on incidence rates reported in the pre-pandem ic period or even

cited from the study of other country, w hile the last one derived

the rates from CDC surveillance data (w eekly inform ation), w hich

the authors highlighted as an advantage of their study. The rates

(probabilities) in our study, though w ere conditioned on period

that VE can be expected, w ere estim ated by using data from ‘Num -

ber of influenza patients from w eekly surveillance report for the

2018/19 season’ published by NIID (w eekly reports), w hich can

also be an advantage in the current study. Am ong the seven previ-

ous studies, fi ve added discounted life expectancy to pregnant/-

postpartum w om en and infants w ho survived from influenza

season [6,39–41]. W hereas in our m odel, no m aternal m ortality

w as assum ed based on the data of 2009 H1N1 pandem ic. Due to

the 2009 H1N1 pandem ic, Japanese physicians and pregnant

w om en have paid m ore attention to the seasonal influenza [9]. In

2009 pandem ic, m ore than 60% of pregnant w om en w ere vacci-

nated w ithin 1.5 m onths after the availability of a vaccine. The

active use of antiviral drugs for prophylaxis after close contact w ith

an infected person and an im m ediate use of antiviral drug (of

approxim ately 90% hospitalized pregnant patients) w ithin 48 h

after sym ptom onset [9], contributed to the reduction in num ber

of pregnant w om en and infants w ith influenza in Japan. If a higher

incidence or m aternal m ortality w as to be applied into our m odel,

the ICER w ill turn out to be low er than that of base-case

estim ation.

There are lim itations in our study. First, w e used cum ulative

supply of QIV by m onth to estim ate the distribution of pregnant

w om en receiving a shot by m onth (from October to March). If

w om en received a shot as soon as the vaccine is available or con-

centrated in October to Novem ber, like the situation of 2009 pan-

dem ic (60% of pregnant w om en w ere vaccinated w ithin

1.5 m onths), then increm ental QALY w ill increase and ICER w ill

bias to a m ore favorable one. Second, probabilities of outpatient

treatm ent due to influenza of pregnant/postpartum w om en and

infants w ere based on data in single season (2017/18 season).

There is a possibility of a seasonal variation in influenza severity,

w here vaccine m atch m ay change the param eters substantially.

How ever, the cum ulative num ber of influenza patients w ho sought

for a doctor reported by NIID did not change largely during

2015/16 through 2018/19 season [28]. This suggests that our

base-case estim ations are reasonable. Third, probability of a preg-

nant/postpartum w om en receiving outpatient treatm ent due to

influenza w ere estim ated using data from general population and

the probability for in fants w as estim ated by using data of 0–4 years

old. If the probabilities for pregnant/postpartum w om en and

infants w ere higher/low er than our base-case estim ations, this w ill

result in low er/higher ICER. Fourth, w e assum ed no vaccine-

induced im m unity transfer from m other to child for in fants w hose

m other received flu shot at the last m onth of her pregnancy, w hile

vaccinated at this tim ing m ay contribute to protecting their in fants

as postpartum -vaccinated [14]. This suggested that ICER of AMVP

in Japan m ay be m ore favored than our estim ation. Fifth, w e did

not incorporate incidental m aternal influenza w hich m ay result

in im m unity to the m other and w ould provide protection for

in fants, thus resulting to possibly higher ICER. Sixth, w e didn’t con-

sider herd im m unity in our analysis, how ever, a pregnant w om an

w ho avoided being infected from influenza due to uptake of vac-

cine m ay contribute in a reduction in transm ission [49]. If th is

effect w as to be considered, the ICER of AMVP can be m ore

favorable.

Despite these lim itations, our study has strengths: (1) our

m odel included w om en w ho are not pregnant or are w ith gesta-

tional age < 12 w eeks by October 1, w hich previous studies w ere

not able to account, and (2) probabilities of outpatient being

received due to influenza for pregnant/postpartum w om en or their

in fants varied by calendar tim e, gestational age, or vaccine status,

w hich is unique from previous studies.

8. Conclusion

AMVP is a key strategy to protect vulnerable neonates and

infants too im m ature to respond effectively to direct vaccination.

Our study show s that the vaccination of pregnant w om en w ith

gestational age 12 w eeks against seasonal influenza is cost-

effective in Japan from both societal and payers’perspectives.
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