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Background: Pregnant women and infants are known as high risk groups for influenza. WHO recommend
pregnant women be vaccinated with inactivated influenza vaccine. In Japan, some municipalities started
to give subsidy to encourage pregnant women to receive a shot on their own accord, which has made the
introduction of seasonal antepartum maternal vaccination program (AMVP) into the routine vaccination
list a current topic in health policy and has raised the need to evaluate the value for money of such pos-
sibility.

Methods: We conducted a cost-effectiveness analysis to evaluate the efficiency of conducting AMVP in
Japan. A decision tree model was adopted taking into consideration the duration of single-year vaccine
effectiveness for infants and for mothers. The program targeted pregnant women aged 20-49 years old
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Influenza
Vaccine at or over 12 weeks gestation during October 1 through March 30. Estimated probabilities of treatments
Vaccination received due to influenza for pregnant/postpartum women or their infants varied by calendar time, vac-

Quality-adjusted life year
Pregnant women

cination status, and/or gestational age. Incremental cost-effectiveness ratio (ICER) compared with current
no-AMVP from societal perspective was calculated. Transition probabilities, utility weights to estimate
quality-adjusted life year (QALY), and disease treatment costs were either calculated or extracted from
literature. Costs per vaccination was assumed at ¥3,529/US$32.1.
Results: AMVP reduces disease treatment costs, while the reduction cannot offset the vaccination cost.
Incremental QALYs were at 0.00009, among them 84.2% were from infants. ICER was ¥7,779,356/US$7
0,721 per QALY gained. One-way sensitivity analyses revealed that vaccine effectiveness for infant and
costs per shot were the two main key variables affecting the ICER.
Conclusion: We found that vaccinating pregnant women with influenza vaccine to prevent unvaccinated
infants and pregnant/postpartum women from influenza-associated disease in Japan can be cost-effective
from societal perspective, under the WHO-suggested “cost-effective” criteria (1-3 times of GDP).

© 2020 Elsevier Ltd. All rights reserved.

poor [2,3]. The risk groups for influenza, as defined by World
Health Organization (WHO), include pregnant women, children

1. Introduction

Pregnant women have increased risk of severe disease and
death from influenza with the infection leading to possible compli-
cations such as stillbirth, neonatal death, preterm delivery, and
decreased birth weight [1]. Infants aged <6 months are particularly
at high risk for influenza-associated hospitalization, since their
immune response to inactive influenza vaccination is relatively
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aged <5 years old, the elderly, and individuals with underlying
health conditions such as HIV. According to WHO, “countries con-
sidering the initiation or expansion of programs for seasonal influ-
enza vaccination, pregnant women should have the highest
priority. Whereas, countries with existing influenza vaccination
programs targeting children aged 6-59 months, the elderly, indi-
viduals with specific chronic medical conditions, or health-care
workers, should incorporate immunization of pregnant women”
[4]. WHO recommended that “the pregnant women be vaccinated
with 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 women as
well as their infants” [4]. Vaccination programs targeting pregnant
women were shown to be cost-effective from England and Wales,
Belgium, and Canada [5-7], whereas vaccination of pregnant
women with additional co-morbidities was found to be cost-
saving from the United States [8].

In Japan, only people aged 65 or over and people aged 60-64
with underlying conditions are eligible for routine vaccination
based on the Immunization Act. While during the 2009 H1N1 pan-
demic, Ministry of Health, Labour and Welfare (MHLW) announced
that pregnant women were included in the priority list to receive
H1N1pdmO09 vaccine, wherein more than 60% of pregnant women
were vaccinated within 1.5 months 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 domestic pharmaceutical companies) from 2015/16 season.
While influenza vaccination on pregnant women is not on the rou-
tine vaccination list, pregnant women can avail the vaccine at per-
sonal expense. Amidst 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, some municipalities started to give subsidy to encourage
pregnant women to receive a shot on their own accord, which has
made the introduction of seasonal maternal influenza vaccination
into the routine vaccination list a current topic in health policy
and has raised the need to know whether the benefit of vaccination
justify its added costs. Our study aimed to estimate the value for
money of vaccinating pregnant women by using QIV in Japan,
assuming that in the future, Japan may need to consider the imple-
mentation of this strategy.

2. Method
2.1. Literature search

We searched various databases for the parameters, which were
included in the modeling. Studies pertaining to epidemiology and
prognosis of influenza-relevant disease in Japan’s setting were
accessed from Medline database, Igaku Chuo Zasshi database (a
Japanese medical bibliographic database which contains over 10
million citations originating from Japan), MHLW Grant System,
and annual statistical reports published by the government. Due
to insufficient evidences from Japan, overseas’ reports from Med-
line, The Cochrane Database of Systematic Reviews, Health Tech-
nology Assessment database, and National Health Service,
Economic Evaluation Database regarding vaccine effectiveness
and utility weights to estimate QALY were used instead.

2.2. Models and variables

A decision tree model was used to estimate the cost-
effectiveness of 1-dose antepartum maternal seasonal influenza
vaccination program (AMVP) by comparing with current no-
AMVP strategy. AMVP targeted pregnant women aged 20-49 years
old at or over 12 weeks gestation, during one influenza season.
Though WHO recommended that a vaccine can be received at
any stage of pregnancy, in our model, we assumed that they will
receive the vaccine at a gestational age of >12 weeks (i.e, from sec-
ond to third trimester). The choice of gestational age is supported
by the frequency of use of inactive influenza vaccine, which sup-
ports vaccine safety during pregnancy [16], compared the less fre-
quent use of the recently licensed QIV [17]. The benefits of
vaccination included the prevention of influenza in pregnant
women/postpartum mothers and their infants (aged <6 months).
Effectiveness of the strategy was estimated in quality-adjusted life
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years (QALYs) to account for both time and quality of life of pre-
vented influenza cases. The incremental cost-effectiveness ratio
(ICER) was estimated by dividing the difference in net cost in
AMVP and no-AMVP strategy by the difference in QALY gained
between the two strategies.

We estimated ICER from societal perspective, which in this case
is also payer’s (including government, municipalities, vaccinees,
patients, and third-party payers) perspective, because pregnant
women tend to uptake a shot in their routine prenatal visit, and
maternity leave (six weeks ahead of expected date of birth to eight
weeks after delivery for all the female employees) as well as child-
care leave (one year for male/female employee) are provided under
Japanese law. Therefore, there is no need to consider productivity
loss due to vaccination or disease treatment.

Our model assumed: (1) even in the last month of pregnancy,
women will uptake the vaccine if they are willing to do so, (2) if
a pregnant women has a gestational age of <12 weeks by the end
of calendar months from October to January, catchup vaccination
will be done from November to March when her gestation age
reaches >12 weeks, (3) a 4-week delay before vaccinees benefit
from vaccine protection [18-20], (4) vaccination given 1 month
before delivery confers seroprotection to neonates, though study
reported 2 weeks [21], (5) no association between maternal influ-
enza vaccination and adverse birth outcomes [22], (6) influenza
season is from October through April, (7) vaccine supply would
be available on Oct 1, and is assumed 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
simplify the model (multiple pregnancy is low in Japan at 1.04%
in 2017) [23].

In the decision tree (Fig. 1), the targeted pregnant women were
assumed to firstly decide whether or not and when (any month
from October to March) to receive a flu shot. Regardless of vaccina-
tion status, the model then continued with livebirth or stillbirth. In
the mother with livebirth branch, the costs of treatment (if any) as
well as QALYs of the mother and her infant will be combined. On
the other hand, in the mother with stillbirth branch, only costs
and QALYs of mother were included. Pregnant /postpartum women
(regardless of vaccination status) and infants (regardless of his/her
mother’s vaccination status) followed by any of the following three
or four outcomes, respectively: (1) not had influenza, (2) received
outpatient treatment due to influenza and recovered from illness,
(3) hospitalized due to influenza and recovered from illness, and
(4) deaths related to seasonal influenza (infant only). No maternal
deaths occurred with regard to seasonal influenza based on a
report in 2009 [9]. The no-vaccination branch was identical with
the vaccination branch except that VE will apply only on vaccina-
tion branch. Adverse effects of vaccination were not incorporated
based on reports from the study of Jackson et al. [24]. Herd immu-
nity was not considered because pregnant women were only a part
of the population and not a key population related to transmission
[25]. The model was built using TreeAge Pro software (version
2019; TreeAge, Inc, Williamstown, MA).

2.3. Parameters in model

Probability that a pregnant woman received a shot in current
no-AMVP strategy, at 0.27, was from Ohfuji et al. [14]. On the other
hand, the probability for AMVP strategy, at 0.60, was based on the
H1N1 monovalent 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 month (from October to
March), 14.8%, 35.2%, 48.0%, 0.67%, 0.67%, and 0.67%, respectively,
were based on the estimation of cumulative supply of QIV by
month in 2018/19 season [26]. Month-specific probability of a
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Fig. 1. Decision tree model. O: Decision node; O: Chance node; X: Sum of both mother’s and infant’s results. AMVP: antepartum maternal seasonal influenza vaccination

program. VE: vaccine effectiveness.

target delivery and a stillbirth occurrence, were based on Vital
Statistics and perinatal mortality in Japan [23]. Since we aimed
to estimate the difference of costs and QALYs between two strate-
gies, probabilities of a pregnant woman receiving outpatient treat-
ment due to influenza were conditional on the timing of a woman
who received vaccine and the length of expected VE. For instance,
if vaccine was received in October, the expected VE length is from
November to April, with the probability estimated as “cumulative
number of influenza patients from November to April/correspond-
ing population”. Expected VE length is assumed to start from the
month after the shot was received until April the succeeding year,
for example if received in November, expected VE length is from
December to April and, if December, then January to April.
Expected VE length, however, will only be in April if the shot
was received in March. For infants, the probability of receiving out-
patient treatment due to influenza was conditional on maternal
vaccination status and birth month by calendar. For example, if
born in November, the probability was estimated as “cumulative
number of influenza patients from November to April/correspond-
ing population”; if born in December, from December to April and
if born in April, “April only”, etc. While if born in May or after, there
is no need to estimate the probability since it is beyond the influ-
enza season in Japan. Population and cumulative number of influ-
enza patients were from Vital Statistics [27] and “number of
influenza patients from weekly surveillance report for the
2018/19 season” published by the National Institute of Infectious
Diseases (NIID) [28], respectively. Since there are no direct data
which reported the influenza incidence or number of influenza
patients of pregnant women and infants aged under 6 months,
we instead used the data of 20-49 years old for pregnant/postpar-
tum women and 0-4 years old for infants, to estimate these prob-
abilities. Fig. 2 shows the weekly reports of numbers of influenza
patients (0-4 years old and 20-49 years old) by NIID. Cases in NIID
reports [28] may not be laboratory-confirmed influenza, but
physician-diagnosed influenza. In Japan, influenza rapid diagnostic
test is routinely performed for patients who visit clinics and hospi-
tal for treatment of acute febrile respiratory illnesses during the
influenza season [14]; we considered using this information to
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estimate the probability whenever appropriate. The probabilities
of being hospitalized among outpatient influenza patients for preg-
nant/postpartum women, 0.023, was from Yamada et al. [11],
while for infant patients, it was assumed at 0.20 based on Ohfuji
et al. [14]. Probability that any infant dies of influenza (0.28 per
100,000) was based on 2009 H1N1 epidemic [29]. All these data
were shown in Table 1.

2.4. Vaccine effectiveness

VE in reducing illness due to influenza for infants born to vacci-
nated mothers was assumed at 61% (95% confidence interval (CI):
15-81%) based on a cohort study by Ohfuji et al. [14], which is
the first study that reported the effects of maternal vaccination
(prenatal and postpartum) on influenza among infants by using a
large cohort of infants (n > 3,000). VE for infants was assumed to
last the entire 6 months after delivery [14,19]. The study period
of Ohfuji et al. spanned throughout the whole influenza season,
which means, the waning immunity of vaccine, as pointed by some
studies [30,31], was already included in the reported VE. Thus, the
use of the 61% in base-case and 95% CI in sensitivity analysis are
fully justified. Few studies evaluated VE against seasonal influenza
for pregnant women and since the results are inconsistent [20,32-
34], we assumed 50% as VE for pregnant women/postpartum
women, based on (1) Cochrane review reported for pregnant
women is at 50% for pH1N1-containing vaccine [35], and (2) the
pooled VE (14.5-71.2%) for healthy adults from eight studies [36].

2.5. Utilities

The utility weights for pregnant/postpartum women who
received outpatient treatment were based on a study by O'Brien
et al. [37]. O'Brien et al. reported the health state utility scores
(measured by visual analog scale) from adult patients with influ-
enza infection who received oseltamivir treatment 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). Assuming that the duration of influenza was 7 days,
QALY was estimated as (0.42 + 0.50 + 0.61 + 0.69 + 0.75 + 0.79 + 0.
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Table 1
Variables.
Number and percentage of birth and fetal death by month [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)

Estimated probabilities of receiving outpatient treatment due to influenza by delivery due date (conditioned on length of vaccine effectiveness; VE) [27,28]
Pregnant/postpartum women Infants
Lengths of VE Estimated probabilities of receiving Lengths of VE Estimated probabilities of receiving
outpatient treatment outpatient treatment

Due date 4/15 (12-week 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-week 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-week 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-week 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-week 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-week 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-week 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 - -

7366
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Table 1 (continued)
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Number and percentage of birth and fetal death by month [23]
Birth (%) Fetal death (%)

Due date 8/15 (12 week 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-week 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 week 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-week 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 - -
Estimated probability of being hospitalised among outpatient patient

Pregnant/postpartum women) 2.3% [11]

Infants 20.0% [14]
Probability of an infant 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 women 50% [35,36]
Utility weights [37-41]

No influenza 1

Outpatient Pregnant/post-partum woman: 0.9934; infant:0.9930

Hospitalization Pregnant/post-partum woman: 0.9892; infant:0.9880

Death 0
Costs per vaccination ¥3,529 [42]
Costs for outpatient treatment/case Pregnant/post-partum woman: ¥15,000 [43]

Infant: ¥10,000 Estimated
Costs for hospitalization Treatment/case Pregnant/post-partum woman: ¥609,186 [38]
Infant: ¥286,339 [38]

82 + 365-7)/365 = 0.9934. For hospitalized patients, we assumed
that the worst utility, 0.42, continued for 3 days then was similar
to outpatients’ (0.82) at day 9, which also continued for 3 days,
based on a study which reported that 11 days was the average
length of hospital stay of Japanese patients with influenza [38].
Thus, the QALY was estimated as 0.42 x 3 + 0.50 + 0.61 + 0.69 +
0.75+0.79 + 0.82 x 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 months, we utilized 0.9930 and
0.9880 for outpatient and hospitalized patient, respectively, from
previous cost-effectiveness studies [39-41]. We assumed there
were no differences between infants born to vaccinated mothers
or unvaccinated mothers similar to previous studies.

2.6. Costs

The amount of direct payments to health care providers by
government, municipalities, vaccinees, patients, and third-party
payers was estimated as cost, while non-direct medical costs
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related to AMVP were not included, because we assumed that
AMVP will be built within the public health services routine.
Vaccination cost per shot (included doctor’s fee for medical advice
and technical fee for administering), ¥3,529/US$32.1 (1US$ =
¥110), was the national average costs per shot for adult without
any public subsidy in 2018/19 season [42]. Treatment cost per
case for hospitalized pregnant/postpartum women and infants,
¥609,186/US$5,538 and ¥277,480/US$2,523, respectively, were
from Srumasiri et al. [38], which used administrative database
(including approximately 4,400,000 patients, representing
approximately 3% of the total Japanese population) to report the
mean total healthcare cost of hospitalized influenza patients.
Treatment costs per case for outpatient pregnant/postpartum
women, at ¥15,000/US$136, was from Kaji et al. [43], for infants,
at ¥10,000/US$91 was estimated by using national fee schedule.
For infants who died due to influenza, we assumed a 2-day stay
in neonatal intensive care unit (NICU) amounting to costs
assumed at ¥486,339/US$4,421 (costs of hospitalization plus
associated costs in NICU).
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Fig. 2. Estimated number of patients who visited medical institutions nationwide by week during 2018/19 influenza season from ‘Numbers of influenza patients weekly
surveillance report for the 2018/19 season’ reported by National Institute of Infectious Diseases.

3. Discounting

Costs related to influenza occurred in single season, therefore
no discount rate was applied. Life expectancy, 34.2 years [44] for
an infant who survived, was discounted at an annual rate of 3%
[45].

4. Sensitivity analyses

To appraise the ICERs’ stability with the assumptions made in
our economic model, we performed one-way sensitivity analyses
with variables and the uncertainties utilized in the model. Proba-
bilistic sensitivity analyses (PSA) [45], i.e., 1000 Monte Carlo simu-
lations, were also conducted. We used a triangular distribution for
costs, VEs, utility weights, and a uniform distribution for
probabilities.

5. Cost-effectiveness threshold

Since there is no established threshold in judging the cost-
effectiveness of public health programs in Japan, a willingness-
to-pay threshold at ¥5,000,000 (US$45,455) per QALY gained was
utilized; a suggested threshold for evaluating healthcare interven-
tions [46]. Also, WHO suggests a “cost-effective” criterion at 1-3
times of GDP [47]. These criteria were used in determining
whether the immunization program was cost-effective or not.

6. Results

Table 2 shows the results of base-case analyses. Compared with
current no-AMVP strategy, we estimated an average incremental
effectiveness of AMVP at 0.00009 QALYs, among them 84.2% were
from infant, the remaining 15.8% were from pregnant/postpartum
woman. Though AMVP reduces disease treatment costs, the reduc-
tion cannot offset the vaccination costs. Estimated ICER was at
¥7,779,356 (US$70,721)/QALY gained.

Fig. 3 shows the impact of individual parameters to ICER. Two
variables which changed the ICER to be greater than ¥1,000,000
(US$9,091)/QALY were vaccine cost and VE against infant from out-
patient treatment due to influenza.

Fig. 4 shows the cost-effectiveness acceptability curve (CEAC) of
AMVP compared to current no-AMVP. Among 1,000 ICERs pro-
duced by Monte Carlo simulations, the probabilities that ICER is
under ¥5,000,000 (US$45,455) and ¥10,000,000 (US$90,909) per
QALY gained was at 12.1% and 70.2%, respectively. Mean ICER
was ¥8,397,429/ US$76,340 (SD = ¥3,511,310/US$31,921) per
QALY.

7. Discussion

We conducted the first cost-effectiveness analysis in Japan com-
paring AMVP (using QIV) to current no-AMVP strategy. Results
showed that ICER of AMVP, ¥7,779,356/US$70,721 was under the
WHO-suggested “cost-effective” criterion at 1-3 times of GDP

Table 2
Results.
Strategy Vaccination cost (¥) Disease treatment Total cost (¥) Effectiveness (QALY) Total Effectiveness (QALY) ICER
cost (¥)
mother infant mother infant both Base-case
No-AMVP 953 318 1,644 2915 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 maternal vaccination program.
QALY: Quality adjusted life year.
ICER: Incremental cost-effectiveness ratio.
7368
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Base-case ICER=¥7,779,356/QALY gained
4

VE against infant from outpatient treatment; (0.15, 0.61, 0.81)

.| Costs per vaccination; (1765, 3529, 5294)
| Treatment cost/case for hospitalized infant patient; (138740, 277480, 416220)
.| Utility weight (infant, hospitalized); (0.8892, 0.988, 1)
| Utility weight (mother, outpatient); (0.8941, 0.9934, 1)
] VE against mother from outpatient treatment; (0.14,0.5,0.71)
| Estimated probability of an infl patient being hospitalized (infant); (0.16, 0.2, 0.24)
| Estimated probability of receving outpatient treatment (infant, Jan to Apr); (0.0876, 0.1095, 0.1314)
| Esti dp ility of receiving outpati (infant, Dec to Apr); (0.0730, 0.0913, 0.1096)
| Probability of an infant dies of influenza (0.0000022, 0.0000028, 0.0000034)
| Treatment cost/case for infant outpatient; (5000, 10000, 15000)
| | & Low High VE against mother from hospitalization: (0.14, 0.5, 0.71)
| | Estimated probability of receving outpatient treatment (infant, Feb to Apr); (0.0367, 0.0456, 0.0551)
[ | Estimated probability of receving outpatient treatment (mother, Jan to Apr); (0.0144, 0.0180, 0.0216)
[ | Treatment cost/case for mother outpatient; (7500, 15000, 22500)
I Treatment cost/case for hospitalized mother; (304593, 609186, 913779)
| Estimated probability of receving outpatient treatment (mother, Dec to Apr); (0.0125, 0.0156, 0.0187)
I Esti d probability of an infl patient being hospitalized (mother); (0.0184, 0.0230, 0.0276)
| Estimated probability of receving outpatient treatment (mother, Nov to Apr); (0.0148, 0.0131, 0.0157)
| Estimated probability of receving outpatient treatment (infant, Mar to Apr); (0.0086, 0.0108, 0.0130)
I Estimated probability of receving outpatient treatment (infant, Apr); (0.0076, 0.0095, 0.0114)
| Utility weight (mother, hospitalized): (0.8903, 0.9892, 1)
| Estimated probability of receving outpatient treatment (mother, Feb to Apr); (0.0072, 0.0090, 0.0108)
| Estimated probability of receving outpatient treatment (mother,Mar to Apr); (0.0019, 0.0024, 0.0029)
| Estimated probability of receving outpatient treatment (mother, Apr); (0.0018, 0.0023, 0.0028)
Treatment cost/case for infant die of influenza; (334236, 477480, 620724)
-8 -6 -4 2 0 2 4 6 8 10 12

Million (¥)

Fig. 3. Tornado diagrams (a consolidated set of one-way sensitivity analyses). Two variables which changed the ICER to be greater than ¥1,000,000 (US$9091)/QALY were VE
against infant from outpatient treatment and vaccination costs.
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Fig. 4. Results of probabilistic sensitivity analysis: cost-effectiveness acceptability curve (CEAC). Among 1,000 ICERs generated by Monte Carlo simulation, the probabilities

that ICER is under ¥5,000,000 (US$45,455) /¥10,000,000 (US$90,909) per QALY gained was at 12.1%/70.2%. For costs, VE, and utility weights, triangular distributions were
used, whereas for probabilities, uniform distributions were used. The lower and upper limit of each variable is shown on Fig. 3. *¥4,419,633/US$40,263 year 2019.

(¥11,000,000/US$100,000 in Japan) [47]. One-way sensitivity anal- impacts on the results. PSA showed that the probabilities of AMVP
yses showed that “VE protect infant from outpatient treatment” to be under ¥5,000,000 (US$45,455) and ¥10,000,000 (US$90,909)
and “costs per shot” were the two key variables which have large per QALY are 12.1% and 70.2%, respectively. Mean ICER ¥8,397,429/
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US$76,340 derived from PSA was favored than that of deterministic
analysis mainly due to the usage of high upper limit of utility
weight of influenza related disease, which led to less QALY gained
and eventually contributed to higher ICER.

Since our study is the first study which evaluated the value for
money of AMVP in Japan, no comparison can be done within same
healthcare setting. Nevertheless, the current study is be compara-
ble to a study which evaluated the cost-effectiveness of using
pertussis-containing vaccine among pregnant women (AMVP-
pertussis) in Japan [48] as well as studies from overseas. The model
of AMVP-pertussis was similar to the current study, wherein the
vaccine coverage rate of AMVP-pertussis was based on influenza
vaccine coverage among pregnant women in Japan in 2009 H1N1
pandemic. The estimated incidence rate of 0.0140 from the
AMVP-pertussis study was similar to the estimated incidence from
November to April (0.0131) or from December to April (0.0156),
while was slightly lower than the incidence from January to April
(0.180), and was relatively higher than the incidence from Febru-
ary/ March/April to April (0.0090/0.0024/0.0023) in our study.
The estimated ICER of AMVP-pertussis was 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-containing
vaccine than that of influenza vaccine (¥6,000/US$54.5 vs.
¥3,529/US$32.1) was considered as one of the main reasons which
can contribute to higher ICER. The authors used the same ‘cost-
effective’ criteria similar to our study (1-3 times of GDP, suggested
by WHO) to conclude the cost-effectiveness of AMVP-pertussis in
Japan. We found seven studies which evaluated cost-
effectiveness of TIV maternal immunization programs from high-
income countries [5-8,39-41]. Among them, three studies, which
utilized the payers’ perspective, concluded that AMVP against
influenza was cost-effective [5,6,8]. The other four studies, which
were from a societal perspective were all from USA [7,40,41].
Roberts et al. reported that AMVP is cost-saving without the inclu-
sion of the benefit in protecting infants [7]. Similarly, Myers et al.
and Beigi et al. reported cost-effective [40,41]. Xu et al. (2016) also
reported the cost-effectiveness in moderate or severe influenza
seasons, but not in mild influenza seasons [39]. Among these four
studies, the incidence rates of the former three studies were based
on incidence rates reported in the pre-pandemic period or even
cited from the study of other country, while the last one derived
the rates from CDC surveillance data (weekly information), which
the authors highlighted as an advantage of their study. The rates
(probabilities) in our study, though were conditioned on period
that VE can be expected, were estimated by using data from ‘Num-
ber of influenza patients from weekly surveillance report for the
2018/19 season’ published by NIID (weekly reports), which can
also be an advantage in the current study. Among the seven previ-
ous studies, five added discounted life expectancy to pregnant/-
postpartum women and infants who survived from influenza
season [6,39-41]. Whereas in our model, no maternal mortality
was assumed based on the data of 2009 H1N1 pandemic. Due to
the 2009 H1N1 pandemic, Japanese physicians and pregnant
women have paid more attention to the seasonal influenza [9]. In
2009 pandemic, more than 60% of pregnant women were vacci-
nated within 1.5 months after the availability of a vaccine. The
active use of antiviral drugs for prophylaxis after close contact with
an infected person and an immediate use of antiviral drug (of
approximately 90% hospitalized pregnant patients) within 48 h
after symptom onset [9], contributed to the reduction in number
of pregnant women and infants with influenza in Japan. If a higher
incidence or maternal mortality was to be applied into our model,
the ICER will turn out to be lower than that of base-case
estimation.

There are limitations in our study. First, we used cumulative
supply of QIV by month to estimate the distribution of pregnant
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women receiving a shot by month (from October to March). If
women received a shot as soon as the vaccine is available or con-
centrated in October to November, like the situation of 2009 pan-
demic (60% of pregnant women were vaccinated within
1.5 months), then incremental QALY will increase and ICER will
bias to a more favorable one. Second, probabilities of outpatient
treatment due to influenza of pregnant/postpartum women and
infants were based on data in single season (2017/18 season).
There is a possibility of a seasonal variation in influenza severity,
where vaccine match may change the parameters substantially.
However, the cumulative number of influenza patients who 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 estimations are reasonable. Third, probability of a preg-
nant/postpartum women receiving outpatient treatment due to
influenza were estimated using data from general population and
the probability for infants was estimated by using data of 0-4 years
old. If the probabilities for pregnant/postpartum women and
infants were higher/lower than our base-case estimations, this will
result in lower/higher ICER. Fourth, we assumed no vaccine-
induced immunity transfer from mother to child for infants whose
mother received flu shot at the last month of her pregnancy, while
vaccinated at this timing may contribute to protecting their infants
as postpartum-vaccinated [14]. This suggested that ICER of AMVP
in Japan may be more favored than our estimation. Fifth, we did
not incorporate incidental maternal influenza which may result
in immunity to the mother and would provide protection for
infants, thus resulting to possibly higher ICER. Sixth, we didn’t con-
sider herd immunity in our analysis, however, a pregnant woman
who avoided being infected from influenza due to uptake of vac-
cine may contribute in a reduction in transmission [49]. If this
effect was to be considered, the ICER of AMVP can be more
favorable.

Despite these limitations, our study has strengths: (1) our
model included women who are not pregnant or are with gesta-
tional age < 12 weeks by October 1, which previous studies were
not able to account, and (2) probabilities of outpatient being
received due to influenza for pregnant/postpartum women or their
infants varied by calendar time, gestational age, or vaccine status,
which is unique from previous studies.

8. Conclusion

AMVP is a key strategy to protect vulnerable neonates and
infants too immature to respond effectively to direct vaccination.
Our study shows that the vaccination of pregnant women with
gestational age >12 weeks against seasonal influenza is cost-
effective in Japan from both societal and payers’ perspectives.
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