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Abstract

Objectives Using cost-utility analysis, to evaluate whe-
ther or not to adopt a Neisseria meningitidis serogroup B
vaccination programme for Israeli children.

Methods Epidemiological, demographic, health service
utilisation and economic data were integrated into a
spreadsheet model to calculate the cost per averted dis-
ability-adjusted life year (DALY) of the intervention.
Results  Assuming 78 % vaccine efficacy with no herd
immunity, vaccination will prevent 223 cases and 22 deaths
over a 100-year period. Based on vaccine price of $60 per
dose, total intervention costs ($315,400,000) are partially
offset by a $22,700,000 reduction in treatment and seque-
lae costs as a result of decreased morbidity. The
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intervention was not cost-effective since the net cost
($292,700,000) per averted DALY gained (1249 mostly
due to decreased mortality) was $234,394. Additional two
dose catch-up programmes vaccinating children in cohorts
aged 1-2 to 1-13 were also not cost-effective.
Conclusions The vaccination will become cost-effective
if vaccine costs fall below $19.44 per dose. However, in
identified high risk areas, the vaccine would be cost-ef-
fective and could be recommended for use both with and
without catch-up campaigns.

Keywords Cost-utility analysis - Meningococcal B -
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Introduction

Invasive meningococcal disease (IMD) accounts world-
wide for around 75,000 deaths annually (Lozano et al.
2012). Incidence rates correlate with age and socio-eco-
nomic deprivation especially crowded housing.

Although disease incidence is at historic lows, the
overall case—fatality ratio (CFR) ranges between 5 and
10 % in developed countries (Healy et al. 2002; Pouwels
et al. 2013; Ben-Shimol et al. 2012; Scholten et al. 1994).
Some of these survivors acquire long-term sequelae (e.g.,
neurologic disability, limb or digit loss, and hearing loss).

The introduction of vaccinations against other
meningococcal serotypes (A, C, W, Y) has caused a shift
towards serogroup B becoming the main cause of IMD in
high income countries (Sridhar et al. 2015), though in
Israel it has been dominant since reliable records became
available in the mid-1970s.

Australasia (especially New Zealand), Europe (espe-
cially FEire and Eastern Norway), North America
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(especially Eastern Canada), and South America (espe-
cially Chile) had high incidence of MEN B. In contrast,
China, India and sub-Saharan Africa (except for South
Africa) had very few cases (Sridhar et al. 2015). The CFR
from serogroup B meningococcal disease (MEN B) ranges
between 3 and 10 % in non-outbreak scenarios (Sridhar
et al. 2015). There can also be substantial morbidity due to
long-term sequelae in survivors (Centres for Disease
Control and Prevention 2005), despite the fact that seque-
lae-related damage has decreased, due to medical care
improvements, including earlier diagnostic recognition.

In Israel, overall IMD incidence rates declined from 1.7
to 1.0/100,000 during the past 30 years (Israel Center for
Disease Control 2012). Meningitis constituted 69.2 % of
all cases, the most common serogroup being MENB which
accounted for around three-quarters of IMD case isolates
(76.9 %) (Ben-Shimol et al. 2012).

Prevention and control of IMD is a public health chal-
lenge due to the rapid disease onset, occasional fulminant
course, and subsequent sequelae and mortality. Efficacious
vaccines against serogroups A, C, Y, W135 are available.
A licensed (Gorringe and Pajon 2012), immunogenic and
tolerable MENB vaccine (Gill 2013) received positive
endorsement from the European Medicines Agency (No-
vartis 2012) (Bexsero, Novartis) and approval from the US
FDA (FDA News Release 2014). In September 2015, MEN
B was added to the routine childhood immunization pro-
gramme schedule in the UK (Hakin and Cosford 2015)
after repeated cost-utility analyses (Wise 2014).

This study uses cost-utility analysis, to evaluate the
possibility of instituting a nationwide vaccination pro-
gramme of infants against MENB in Israel in terms of its
cost per disability-adjusted life year (DALY) averted. The
model could easily be adapted for use in other developed or
developing countries.

Methods
Data sources

Data on cases in Israel during 2000-2010 (Erickson and De
Wals 1998) were supplemented with data from 2011 to
2013 obtained from the Ministry of Health’s Epidemiology
department. Detailed information was obtained on 236
IMD cases (73 % being MEN B) in the Jerusalem district
from published data (Stein-Zamir et al. 2008, 2014), hos-
pital files and laboratory results. Data from Jerusalem were
extrapolated to the whole of Israel, whenever national data
were not available. From these reports, we calculated
national age-specific incidence rates, mortality and mor-
bidity rates and case fatality rates for MEN B infections.
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Cost-utility analysis: basic model

A Microsoft Excel spreadsheet model was constructed,
incorporating vaccine efficacy, epidemiological, health
service utilisation, demographic and economic data (listed
with sources in Supplementary Material Appendix I). The
model calculated the effect of vaccinations against MEN B
(for a 10-year period) on incidence and mortality over a
100-year time horizon. Age, gender and ethnic population
and birth cohort projections were based on the trend for the
years 20062013 (Central Bureau of Statistics 2015).

The cost—utility ratio (CUR) calculated the net costs per
averted disability-adjusted life year (DALY) added as a
result of using the new vaccine, using the formula:

Net costs per averted DALY
Costs of vaccination — Savings in treating IMD

~ DALYs averted from decreased mortality and morbidity -

Costs are viewed from a societal perspective at mid-
2013 price levels at the average annual exchange rate of
3.61 shekels to the US dollar (Central Bureau of Statistics
2015). These included costs not only incurred by the health
and welfare services but also of work absences and
transport costs to receive treatment. All future costs and
DALY were discounted at an annual rate of 3 %. Data on
out-of-pocket expenses or DALYs averted from reduced
caregiver burden were not available.

Vaccine efficacy

Unfortunately, at the time of constructing the model, there
was a lack of published information on clonal complexes,
protein variants and peptide identities which precluded us
from making an Israeli-specific estimate of cases caused by
strains covered by the vaccine. In the absence of Israeli-
specific strain data, we conservatively assumed the strain
coverage of the vaccine to be the lower bound of a UK
estimate of 66 % (JCVI 2014; Tu et al. 2014) increasing to
88 % in a sensitivity analysis (JCVI 2014), which takes
into account the evidence that use of the meningococcal
antigen typing system (MATS) assay, underestimated
4CMenB vaccine strain coverage (Frosi et al. 2013). Fol-
lowing recent recommendations for the UK (JCVI 2014),
we assumed a three dose vaccine schedule (2, 4,
12 months) as opposed to a four dose schedule (Vesikari
et al. 2013).

Vaccine efficacy against covered strains was assumed to
be 90 % (Pouwels et al. 2013; JCVI 2014; Tu et al. 2014,
Christensen et al. 2013). We conservatively assumed the
first dose offered no protection, but the second dose pro-
vided 47 % overall protective efficacy (Arnold et al. 2011).
Because of evidence of waning efficacy found in similar
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outer membrane vaccine types (Holst et al. 2003) we
incorporated differential waning rates by age of vaccina-
tion (<1, 1-3 and >3 years old) into the model [Personal
Communication, Hules, Novartis] following a negative
exponential trend similar to that found with MEN C vac-
cination (De Wals et al. 2011).

Intervention costs

We assumed a baseline vaccine price of $60 per dose
(range $10-$110), in keeping with vaccine prices used in
previous cost-utility analyses (Pouwels et al. 2013; Tu et al.
2014; Christensen et al. 2013). Since at each point of the
vaccine schedule the infant received other concurrent
vaccinations, additional transport costs and work losses for
bringing the child to the clinic were not included. Provision
was made for treatment costs, transport costs and work
losses arising from the visits to health service providers for
vaccine side effects, mainly fever related (Vesikari et al.
2013; Gossger et al. 2012; McNicholas et al. 2007).

Incidence of GP visits for side effects of 0.23 % was
based on the 0.13 % excess of fevers in persons (Vesikari
et al. 2013) receiving MENB plus routine vaccinations
(0.74 %) over persons receiving just routine vaccinations
(0.61 %). Incidence of hospital visits of 0.00034 % was
obtained by adjusting GP visit incidence by the reported
ratio of hospital to GP visit from a post-marketing trial in
New Zealand (McNicholas et al. 2007). A sensitivity
analysis was based on the 2.2 times higher vaccine related
serious adverse events reported in another study (Gossger
et al. 2012).

Vaccine wastage based on operational experience in
Israel was around 0.5 %. Costs were included relating to
nurse’s and administration time, health education, syringes
and swabs. Due to excess capacity in the system, no extra
cold chain costs were incurred. Costs of vaccinating older
children in nurseries or schools by public health nurses
were calculated separately, with appropriate provision for
travelling time and costs.

Herd immunity

Our baseline scenario assumed there was no herd immunity
(see discussion). However, herd immunity was incorpo-
rated into a sensitivity analysis by assuming that the age-
specific force of infection was directly proportional to the
number of incident cases, treating the Jewish and non-
Jewish populations as separate sectors (i.e.: vaccinating a
1-year old would only affect 1-year olds and not suscep-
tible older children or adults). The reduced force of
infection after vaccination was then applied to the exposed
population (i.e.: unvaccinated persons who had not previ-
ously contracted MEN B).

This sectorial separation generally holds for persons in
kinder-garden, school and army but is weaker when applied
for university and workplace population interactions. A
second sensitivity analysis on herd immunity assumed the
effect of reduced force of infection applied across all age
groups.

Costs of acute cases

Acute care costs were calculated by multiplying the
expected number of cases by the unit costs of health ser-
vices received. Chemoprophylaxis and follow-up costs, of
contacts which included time taken to trace and visit
contacts (Wright et al. 2013), were added.

Chronic sequelae

Incidence, costs and disability weight (DW) associated
with chronic sequelae from MEN B are described in detail
in the Supplementary Material (Appendix III).

Averted DALY losses

Total DALY losses averted were calculated by summing
the morbidity and mortality DALY losses averted from
decreased incidence of MENB as a result of vaccination
(see Supplementary Material Appendix IV).

Decision rules

Taking into account the resources available in Israel, an
intervention was defined as being very cost-effective and
cost-effective if the cost per averted DALY is less than the
per capita GNP of $36,167 in 2013 (Central Bureau of
Statistics 2015) or between 1 and 3 times the per capita
GDP ($36,167-$108,501), respectively. If the cost per
averted DALY is more than three times the GDP per capita
($108,501) then the intervention was regarded as not being
cost-effective (WHO Commission on MacroEconomics
and Health 2001).

Sensitivity analyses

One-way sensitivity analyses were carried out by varying
the values of major input parameters (vaccination costs,
incidence rates, waning rates, incidence and costs of
sequelae, herd immunity, discount rate) in turn by +20 %.
This enabled elasticity’s of the CUR (defined as % change
in CUR/% change in major variable) to be compared across
a homogeneous metric.

Two-way sensitivity analyses were carried out on the
ex-ante expected major drivers of vaccination costs and
carriage strain coverage.
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Three-way sensitivity analyses were carried out on by
vaccination costs, incidence rates, carriage strain coverage
along with adding two dose (JCVI 2014) catch-up cam-
paigns for ranges of children aged 1-2, ..., 1-5 (i.e. up to
pre-school) ... 1-12 (i.e. up to senior school), 1-13.

Results
Epidemiology

During 2000-2013, 940 reported cases of IMD occurred in
Israel (annual incidence rate 0.94/100,000). Around 699
cases (74.4 %) were caused by MEN B (annual incidence
rate 0.70/100,000), 57.2 % in males. The majority of MEN
B cases (85.7 %) occurred in children <15 years, infants
accounting for 36 % of all cases (annual incidence rate of
12.0/100,000). Around 73 people died from MEN B
(CFR = 5.4 %). The CFR was 4.5 % in infants, and 6.7,
3.9 and 6.6 % in persons aged 1-4, 5-14 and 15+,
respectively.

Cost-utility analysis, treatment costs

Applying the age—gender and ethnic-specific incidence
rates from 2000 to 2013 to the 2013 population of
7,978,067 (Central Bureau of Statistics 2015) gives an
estimate of 56.1 cases of MEN B in 2013. Around 62.9 %
of these cases would require a visit to a primary care
physician (PCP costing $13.80).

Around 7.9 % of MEN B deaths (0.24 cases) occur
before the patient reaches the emergency room (ER) cost-
ing $341 per case (Ginsberg et al. 2015). A further 0.24
cases die in the ER, costing $565 per case (Ministry of
Health 2012; Jacobs and Noseworthy 1990). Another 2.6
cases die in intensive care units (ICU). Around 55.3 cases
are hospitalised (average cost of $9511), based on 3.5 days
in an ICU (Jacobs and Noseworthy 1990; Scott et al. 2002)
and 6.1 days in a non-ICU department (Ministry of Health
2012). All 53 survivors utilise audio-visual screening tests
($1007) and a post-discharge out-patient visit ($77) (Min-
istry of Health 2012).

Chemoprophylaxis costs for the average of 41 contacts
per case, of whom, approximately 5 % are untraceable with
80 % receiving post-exposure prophylaxis at a health
centre, amount to $27.71 per contact.

Vaccination results in their being 155 fewer cases, of
which 95.5 % were prevented during the first 25 years of
the programme (Table 1). Average cost per incident case
was $11,286. Total projected costs of treating incident
cases in the no vaccine scenario are $51.9 million, falling
to $49.1 million if vaccinations were implemented
(Table 2).
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Table 1 Effects (2013-2112) of vaccinating Israeli cohort aged 0-1
for 10 years with/without 1-4 years catch-up

No vaccine  Vaccine  Difference

Without catch-up

Cases (2013-2028) 1061 912 148

Cases 24,807 24,653 155

Mortality 1970 1954 16

Potential years of life lost 166,358 165,022 1336
With catch-up

Cases (2013-2028) 1133 799 334

Cases 25,890 25,537 353

Mortality 2014 1978 37

Potential years of life lost 171,444 168,555 2888

Sequelae incidence and costs (Table 2)

The neurological sequelae rate was 19.3 % (Stein-Zamir
et al. 2014). Discounted average lifetime costs (age-specific
in the model, but presented for illustration just for the age
group 1-4 years) of treating a case with severe neurological
disorders [1.75 % of survivors (Stein-Zamir et al. 2014)]
were $701,000, mild-to-moderate neurological disorders
[7.0 % (Stein-Zamir et al. 2014), $256,000], light neuro-
logical disorders [10.5 % (Stein-Zamir et al. 2014),
$29,400], bilateral hearing loss (1.75 %, $167,000), unilat-
eral hearing loss (1.75 %, $96,000), mild hearing disorder
(3.5 %, $20,700), seizures [1.75 % (Holst et al. 2003),
$53,400 (Scott et al. 2002)], scarring [3.9 % (Healy et al.
2002; Scholten et al. 1994; Edwards et al. 1981; Vesikari
et al. 2013), $6900 (Bettinger et al. 2013)], renal problems
(3.5 % (Healy et al. 2002; Scholten et al. 1994; Erickson and
De Wals 1998; Bettinger et al. 2013), $121,000 (Erickson
and De Wals 1998; Slack et al. 2005; Buysse et al. 2008,
2010)], digital amputations (0.64 %, $2954).

The total projected costs of treating sequelae in the no-
vaccination scenario are $189,000,000, almost four times
the $49,000,000 costs of treating the acute phase of MEN B
(including chemoprophylaxis and follow-up). Costs of
treating sequelae fall to $47,300,000 in the vaccination
scenario (Table 2).

Intervention costs

Persons receiving MENB plus routine vaccinations were
assumed to have an excess 0.23 % visits to a PCP (Vesikari
et al. 2013) for medical attention (costing $13.80 per visit)
mainly on account of fevers, compared with recipients of
routine vaccinations only. Excess hospitalizations in
0.00034 % of vaccinations (Gossger et al. 2012) were
assumed for an average of four days, costing $2244 per
admission.
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Table 2 Discounted costs, savings and costs per averted disability-adjusted life year (Israel 2013)

Without vaccine Vaccine Cost/savings
Vaccination $0 $315,438,622 $315,438,622
Premature burial $2,737,947 $2,636,357 —$101,591
Incident cases $49,380,739 $47,965,132 —$1,415,607
Bilateral deafness $11,674,086 $11,310,937 —$363,149
Unilateral deafness $6,708,586 $6,499,204 —$209,382
Mild hearing disorder $2,934,141 $2,843,405 —$90,736
Severe neurological dis. $58,237,103 $49,188,685 —$9,048,418
Mild-moderate neurological disability $73,884,169 $71,561,844 —$2,322,324
Light neurological dis. $11,966,081 $11,569,596 —$396,485
Seizures $3,928,347 $3,805,231 —$123,115
Amputations $144,697 $140,630 —$4,067
Skin scarring $1,178,281 $1,144,503 —$33,778
Renal disease $18,489,915 $17,955,724 —$534,191
Total treatment costs $241,264,093 $226,621,250 —$14,642,843
Work losses incident $8,094,832 $2,609,868 —$5,484,964
Work losses sequelae $191,482 $186,199 —$5,282
Work losses severe sequelae $123,233 $119,871 —$3,362
Total work losses $8,409,547 $2,915,938 —$5,493,609
Total net intervention cost $249,673,639 $544,975,811 $295,302,171
Discounted DALYS added 976
Cost per averted DALY $302,629

The target population are the 170,819 (Central Bureau
of Statistics 2015) infants born in 2013 and the subsequent
nine years. While vaccine coverage would be nationwide
(i.e. 100 %), compliance rates were assumed to be 93 and
98 % in the Jewish and non-Jewish populations, respec-
tively, based on coverage achieved for DTaP and Hepatitis
B vaccinations (Central Bureau of Statistics 2015).

Total vaccination costs for a MEN B vaccination pro-
gramme in 2013 amount to $32,500,000 million, with
(discounted) intervention costs over 10 years being
$315,400,000 (Table 2).

Cost-utility ratios

The 10-year vaccination programme would result in 155
fewer MEN B cases, 16 fewer deaths and an extra 1336
potential years of life added (Table 1). Total treatment
costs of MEN B cases and sequelae would fall by $1.4 and
$13.1 million, respectively. A further $102,000 would be
saved in delayed burial costs. In addition, around $5.5
million would be saved due to decreased work absences,
resulting in a total saving of $20.1 million, resulting in a
net programme cost of $295.3 million (Table 2).
Decreased mortality, incident and sequelae cases would
avert 964, 3.8 and 8.2 discounted DALYs, respectively
(Table 3). The net cost ($295.3 million) per averted DALY
(976) amounts to $302,630 (Table 2), as this is in excess of

thrice the per capita GDP threshold of $108,501, the
intervention is not cost-effective. If the vaccine strain
coverage was 88 % then the cost per averted DALY falls to
$245,472, which is still not cost-effective.

Catch-up campaigns

Costs ranged from a not cost-effective $302,590 to
$412,255 per averted DALY if children aged 1-2 and
1-12, respectively, are included in the campaign (Fig. 1).
Vaccine costs would have to fall below $19.33 or $12.62
per dose to ensure that the average cost per averted DALY
of including children aged 1-5 (pre-schoolers) or aged
1-12 (pre senior-schoolers) in a national infant vaccination
campaign would be cost-effective. For vaccine strain
coverage of 88 %, cost per averted DALY ranged from
$244,781 to $332,617 (Fig. 1). Vaccine costs would have
to fall below $24.88 or $16.86 per dose, respectively, to
attain cost-effectiveness for 1-2 and 1-12-year-old catch-
up campaigns.

Sensitivity analyses (Fig. 2 and Supplementary
Material Appendix II)

Adjustment of the vaccine price by 20 % to $72 and $48

per dose resulted in costs per averted DALY of $360,000
and $245,000, respectively. The break-even vaccine price
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Table 3 Disability-adjusted life years lost due to mortality and morbidity by intervention (Israel 2013)

No vaccine Vaccine Difference Discounted Difference
No vaccine Vaccine
Mortality 145,245 144,072 1173 26,630 25,666 964
Incident cases 747 742 4.7 131 128 3.8
Bilateral deafness 22.5 22.4 0.1 3.9 3.8 0.1
Unilateral deafness 14.6 14.5 0.1 2.6 2.5 0.1
Mild hearing disorder 22.3 22.1 0.1 39 3.8 0.1
Severe neurological dis. 139.1 138.2 0.9 27.8 235 43
Mild-mod neurological dis. 278.3 276.4 1.9 48.5 47.0 1.5
Light neurological dis. 125.2 124.4 0.8 21.8 21.2 0.7
Seizures 16.5 16.4 0.1 29 2.8 0.1
Amputations 36.3 36.0 0.2 6.4 6.2 0.2
Skin scarring 0.0 0.0 0.0 0.0 0.0 0.0
Renal disease 71.1 70.7 0.5 13.0 12.2 0.8
Total 146,717 145,535 1182 26,892 25,916 976
$600,000 $400,000
00 %
$380,000
- e ggy | 2500000 . $360,000
| $340,000
\ $400,000
_ 4 $320,000
- e P |
e aw $300,000 r 7 00000
L NP, - o $280,000
$200,000 $260,000
$240,000
$100,000 ; $220,000
é g, ¢§\° 0e\o /1§\° ,§\° '§\e ’,‘,6\0 o\o 6\6 o\a e\oo\,b
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Fig. 1 Cost per disability-adjusted life year by catch-up ages and
strain coverage (Israel 2003)

for cost-effectiveness is $19.44 and rises to $24.88 if the
vaccine strain coverage rises to 88 %.

Because of the small size of the Jerusalem sequelae
study, we carried out a sensitivity analysis of MEN B
sequelae rates based on data from five (n = 1480) liter-
ature studies (Healy et al. 2002; Scholten et al. 1994;
Erickson and De Wals 1998; Bettinger et al. 2013; Viner
et al. 2012), except for mild-medium and light neuro-
logical sequelae where no alternative data (to our
Jerusalem data) were available. An average DW of 0.19
with a cost of $57,710 per amputee was imputed for
amputations based on applying limb specific costs data
(World Health Organization 1996) to the (sometimes
multiple) limb specific distribution of amputee cases from
the literature (Erickson and De Wals 1998; Slack et al.
2005; Viner et al. 2012; Buysse et al. 2009). After making
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Fig. 2 Cost per disability-adjusted life year (one-way sensitivity
analyses, Israel 2013)

all these adjustments the cost per averted DALY to
$298,000.

The CUR was sensitive to changes in the MEN B
incidence rate, vaccine efficacy and its waning rate.
However, to attain cost-effectiveness, incidence rates
would have to rise from 0.70 to 1.77 per by 100,000. Cost-
effectiveness would not be obtained (CUR = $204,474)
even with 100 % vaccine efficacy against all strains (c.f.
66 %) or had a 0 % waning rate (CUR = $199,563). The
CUR was insensitive to changes in the discount rate, MEN
B, vaccine side effects, disability weights of sequelae or
unit treatment costs (Fig. 2).

Assuming our baseline conservative assumption, that the
new protein-based vaccine does not induce herd immunity
is erroneous (Dellicour and Greenwood 2007), results in
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Fig. 3 Cost per disability-adjusted life year (upper) and break-even
vaccine cost (lower) by incidence and age of vaccination (Israel 2013)

the model showing the cost per averted DALY decreasing
to a still not cost-effective range of between $234,000 and
$284,000 depending on whether carriage was within or
across age groups (Fig. 2).

At the baseline price of $60 per vaccine shot, threshold
incidence rates for cost-effectiveness would be 1.83, 2.5
and 2.93 for catch-up campaigns covering infants, 0-5 and
0-12-year olds, respectively (Fig. 3, upper). For illustra-
tion, assuming we could identify an area with 3/100,000
incidence rates (about four times the national average),
then the cost-effective vaccine price thresholds would be
$105 (around current price), $83 and $62, respectively
(Fig. 3, lower).

Discussion

MENB is the leading cause of invasive meningococcal
disease (IMD) in Israel. The availability of a new vaccine
against MEN B prompted an ex-ante evaluation of a three
dose childhood vaccination programme.

The price of the vaccine is obviously a major driver of
costs per DALY averted. At $60 per dose, the intervention
cost of $302,630 per DALY averted, clearly renders it not

cost-effective. Vaccine prices would have to fall below
$19.44 and $4.32 in order to render the intervention to be
cost-effective or very cost-effective. Catch-up campaigns
(based on a two dose schedule) would not be a cost-ef-
fective addition due to the lower child age-specific
incidence rates. However, they could become cost-effec-
tive if the vaccine costs were to fall substantially. Focussed
campaigns in high risk areas (such as universities) or at
times of disease outbreaks are likely to be cost-effective
even at present vaccine prices depending on the level of
excess disease incidence.

Our vaccine price (used to attain the British $48,000
cost-effectiveness threshold) threshold of $6.79 was far
smaller than the reported $24 threshold vaccine price in a
British modelling study (Christensen et al. 2013). This
difference was primarily attributable to the British model
being based on far higher disease incidence rates. In
addition, the British model assumed herd immunity, which
caused a 41 % reduction in the cost-utility ratio (CUR)
compared to their sensitivity analysis omitting herd
immunity. A recent re-evaluation study suggested that
routine infant vaccination could be cost-effective if the
vaccine could be procured at <20 % of the list price of
around $110 a dose, although the cost-effective threshold
vaccine price varied with different assumptions used in the
modelling (Christensen et al. 2014).

A manufacturer-funded model developed by Novartis
(Huels et al. 2013) incorporated all the elements of the
burden of disease model (McNicholas et al. 2007) that
favoured the adoption of the vaccine, resulting in a $12—
$33 price range for economically justifiable infant vacci-
nations (compared to our models $6.79) based on the same
$48,000 threshold. The most questionable of these
assumptions being the accounting of lost productivity
associated with a potential slight decrease in 1Q for a sig-
nificant proportion of survivors (Meningococcal B Pilot
Project Task Group 2014).

In contrast, our costs per DALY averted were lower than
those of a recent Dutch study (with no herd immunity)
(Pouwels et al. 2013), despite incidence rates being about
50 % higher than in Israel. The Dutch study reported the
vaccine price would have to fall below $4.55 (compared to
$10.14 in our study) in order for cost-effectiveness ratio to
fall below their $64,000 threshold. We can only speculate
that, besides inevitable difference in model structures, our
use of a three as opposed to a four dose schedule and higher
vaccine efficacy (81.4 vs. 75 %) contributed to this
difference.

Our reported cost per averted DALY was also far lower
than the $4.6 million reported from Ontario, Canada (Tu
et al. 2014). This was mainly attributable to the far lower
annual incidence rates in Ontario (0.19 vs. 0.70/100,000)
but also due to the Canadian study using a higher baseline
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vaccine price ($72.83 vs $60 per dose), lower sequelae
costs and being carried out just from a payer perspective
and therefore not including benefits from decreased work
losses.

A recent model (excluding herd immunity) based in
Italy (Tirani et al. 2015), which has very low incidence of
meningococcal disease, showed that at a vaccine price of
$89 per dose the introduction of routine infant Men B
vaccinations is unlikely to be cost-effective.

A model based in Chile reported a $15 per dose vaccine
cost-effectiveness threshold, based on a single dose mass
vaccination protocol that was used in an epidemic outbreak
scenario, with a high incidence rate of 5.9/100,000
(Izuierdo et al. 2015). Calculation of a comparative Israeli
outbreak-based cost-utility analyses is beyond the scope of
this paper as this will involve fewer doses to a far wider age
group.

Our 19.3 % neurological sequelae rate was obtained
from the follow-up study of 57 MEN B survivors aged
0-14 during 2000-2013 (De Wals et al. 2011), this was
higher than 12.5 and 15.8 % rates reported for all ser-
ogroups in the USA (Chandran et al. 2011), and in a
recent global meta-analysis (Brouwer et al. 2013),
respectively.

Our baseline estimate of the CUR could be biased
upwards (i.e.: making the vaccine appear to be less
favourable economically) due to lack of data on:

(i) possible sequelae, such as visual defects (Sridhar et al.
2015; Chandran et al. 2011; Edmond et al. 2010),
behavioural problems (Wright et al. 2013; Edmond
et al. 2010], psychological disorders (Wright et al.
2013; Viner et al. 2012).

(i) payments for resources such as for personal social
services, home and environmental adaptations
(Wright et al. 2013).

(iii) potential DALY losses due to care burden of spouses
or parents of a person handicapped by sequelae.

(iv) work absences in adulthood arising from hearing
disorders, seizures, amputations or renal disease.

An additional cause of upward bias is the fact that there
has been a downward trend in reported MEN B cases since
2011, and so our incidence estimates, which were based on
the 2000-2013 average, may have overestimated the
impact of the vaccination.

Evidence for herd immunity was inferred from a French
outbreak that suggested meningococcal OMV-based vac-
cines reduce meningococcal carriage in children aged 1-7
and may hence confer herd immunity (Delbos et al. 2013).
A meta-analysis reported that meningococcal carriage
increased with age till 19 years and then declined (Chris-
tensen et al. 2010). However, while this analysis was
carried out in European countries (where disease caused by
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serogroups B and C dominate), no separate analysis was
presented for serogroup B on its own. Weaker evidence of
herd immunity comes only from MEN C conjugate vaccine
studies (Trotter and Edmunds 2006; Ramsay et al. 2003).

A study of English University students reported that
MENB vaccines reduced meningococcal carriage rates
during the year after vaccination and therefore might affect
transmission when widely implemented (Read et al. 2014).
The UK guidelines stated that impact on acquisition of
carriage would have a limited impact on the cost-effec-
tiveness of an infant programme, since it is driven by direct
individual protection rather than by herd immunity (JCVI
2014). As MENB vaccine has only been used at a popu-
lation level since September 2015, it is not yet known if it
will confer herd immunity (Meningococcal B pilot Project
Task Group 2014). Therefore, we conservatively assumed,
in our baseline analysis, the absence of herd protection. If
this assumption is erroneous, then our baseline CUR will
be upwardly biased (Trotter and Edmunds 2006).

Our CUR is slightly underestimated (i.e. making the
vaccine appear to be more favourable economically)
because we were unable to determine the few cases where
sequelae were not mutually exclusive hence slightly over-
estimating averted DALYs. The CUR will also be
downwardly biased if there is serogroup replacement as a
result of the vaccination. However, no evidence exists as to
serogroup replacement four years after the introduction of
serogroup C vaccinations in the UK (Trotter et al. 2004).
The vaccines true effectiveness will only be revealed
through post-licensure surveillance (Gorringe and Pajon
2012). A further cause of downward bias could be that if
the secular decline in IMD which was observed over the
past 30 years (Israel Center for Disease Control 2012)
continues, then the actual number of cases prevented by
vaccination would be overestimated.

The spreadsheet model that we used could be simply and
quickly adapted (by changing incidence, CFR, DEMO-
GRAPHIC and cost-parameters) by middle income or
developing countries, especially in the meningitis belt of
Africa, to evaluate the cost per QALY of introducing
childhood vaccinations against MEN B. Such information
will be useful for potential funding agencies such as gov-
ernments or the Global Vaccine Initiative.

In September 2014, the advisory committee on infec-
tious disease and vaccines of the Ministry of Health
decided not to recommend the adoption of the new MEN B
vaccine into the routine childhood vaccination programme.
This was primarily because the extent of vaccine strain
coverage is currently undetermined in Israel but should
hopefully be available in the near future. It was also noted
(on the basis of the results of this paper) that the vacci-
nation at current price levels is unlikely to be cost-effective
(even if strain coverage is very high). Vaccination will be
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cost-effective only in high incidence regions or if there will
be a substantial decrease in prices.
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