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SUMMARY

In this study an analysis was made of economic costs and medical effects (by cost-effectiveness
and cost—benefit analysis) associated with measles vaccination in a hypothetical Western
European country. We analysed ten vaccination options in terms of past and future vaccination
coverage. We show that several of the proposed strategies for improving measles vaccination
coverage are preferable to maintaining the existing policies, regardless of past coverage and the
viewpoint of the analysis. For society, very high coverage (95 %) two-dose vaccination is most
optimal, irrespective of past vaccination coverage. The addition of a one-time campaign (to
reduce susceptibility in (pre-)adolescent age groups) to such a high coverage two-dose vaccination
programme is cost-saving to the health-care payer and to society when coverage in the past was
low (<70%). Even when coverage in the past was high (90 %) for more than a decade, this
‘maximum strategy’ could be implemented at an acceptable cost to the health-care payer
(incremental direct costs per discounted life-year gained <€30000), and at net savings to society.

INTRODUCTION Western Europe in order to have sufficient homogen-
eity of input data related to such parameters as vaccine
price, treatment costs and past and current vaccination
practices. Nevertheless, the results should also be rel-
evant to any other country with similar measles epi-
demiology, costs of disease and vaccination histories.

This paper presents an economic evaluation of various
vaccination strategies against measles infection in a
hypothetical Western European country. The study
was initiated by WHO EURO with the aim of
investigating the relative effectiveness and efficiency
of a range of measles vaccination strategies. Currently

implemented strategies, although considered to be v A CCINATION STRATEGIES
effective and efficient, may not necessarily be the most

effective and the most efficient options available. We The present status of measles infection in any country
did not identify our analysis with any particular will depend, in particular, on the history of its vacci-
country, because we wanted it to be relevant to pro- ~ nhation programme. We designed two scenarios for
gramme managers in as many European countries as the past in our hypothetical country. Both are based

possible. We have, however, limited the analysis to ~ On routine single-dose vaccination of I-year-olds,
assumed to have been in place for 15 years: in one

* Author for correspondence. scenario at 70% coverage, in the other at 90%
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coverage. For either past policy, it was assumed that
the decision-maker in the present had five options from
which to choose (numbered from 0 to 4):

e Strategy 0: status quo, i.e. the continuation of single-
dose vaccination at either 70 or 90 % coverage.

e Strategy 1:asecond doseisintroduced at age 5 years
and attains the same coverage as the already existing
first dose (i.e. either 70 or 90 %).

e Strategy 2: the coverage of the first dose is increased
to 95 %, without introducing a second dose.

e Strategy 3: first-dose coverage is increased to 95 %,
and additionally a second dose is introduced at age
5 years at 95 % coverage.

e Strategy 4: the same as strategy 3, with the addition
of a one-time campaign during the first year, tar-
geted at age groups <15 years, of which <95% is
immune to measles. We assumed that the campaign
would reach 93 % of the people in the targeted age
groups.

The effect of the vaccination strategies was evaluated
using a dynamic mathematical model of measles trans-
mission [1]. For each of the ten situations, the model
calculated the expected number of measles cases in
each age group over time. The theoretical background
and validity of the model have been described in pre-
vious publications [1, 2].

ECONOMIC EVALUATION

A separate spreadsheet application was developed for
the economic evaluation (in MS Excel 97), comprising
incremental cost-effectiveness and cost—benefit analy-
ses. In the cost-effectiveness analysis we express in the
first place the viewpoint of the health-care payer by
including only direct health-care costs. In addition a
broader societal perspective is adopted by including
direct costs, as well as indirect time costs due to mor-
bidity in the cost-effectiveness and due to morbidity
and mortality in the cost-benefit analysis. We offer
guidance for decisions on the basis of direct costs
and total costs separately, because indirect cost es-
timations, especially of premature mortality, remain
methodologically questionable and may lack credi-
bility for some decision-makers [3—6]. We investigated
each strategy in relation to a common strategy of
reference (termed strategy 0), as well as to each of the
other strategies. Thus it is hoped that many readers can
identify at least one of the options with the situation in
their country. Furthermore the strategy by strategy
incremental analysis is necessary to allow for a correct
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assessment of the additional merits and costs of each
strategy (a classic example illustrating the importance
of investigating incremental cost-effectiveness can be
found in Neuhauser and Lweicki [7]).

We assessed the strategies over a maximum time
span of 50 years. In line with general recommend-
ations, future monetary costs and benefits were dis-
counted to their 1999 value using a 3 % discount rate
[8]. Non-monetary benefits (i.e. health effects) are
presented both discounted (at the same rate as costs)
and undiscounted. Influential parameters such as vac-
cination costs, disease costs and discount rates were
varied in uni- and bivariate sensitivity analyses.

INPUT DATA
Modelled scenarios

The hypothetical country’s population was set at 7-5
million, with an annual birth cohort of 100000 new-
borns and life-expectancy at birth of 75 years. The size
of the population and the birth cohort are irrelevant to
the conclusions drawn from this analysis, because our
main focus is on the relative efficiency of the various
strategies and not on nominal outcomes. Indeed, cost-
effectiveness ratios, net savings and benefit—cost ratios
when calculated in an incremental analysis can be
considered as measures of relative efficiency.

Vaccine efficacy was assumed to be 90% in the
second year of life and 95% at older ages, offering
life-long protection [9, 10]. The model indicated that
measles remains endemic under strategies 0, 1 and 2.
Under the past scenario of 70 % coverage, strategy 1
yields more cases and has a narrower inter-epidemic
period than strategy 2, whereas under the past scenario
of 90% coverage the reverse is true. Strategy 3 is
sufficient to eliminate measles infection after 10-15
years. Strategy 4 achieves this more rapidly, in less
than 5 years. By elimination we mean that sustained
transmission can no longer occur. Hence only im-
ported cases can give rise to sporadic small outbreaks,
which will die out naturally without intervention.

Increased vaccination coverage tends to shift the age
distribution of cases towards older age groups. The
change in the age distribution is most marked for the
scenario with past vaccine coverage of 70 % as much
of the shift had already occurred in the scenario with
past coverage of 90 %. Under 70 % past coverage, the
percentage of cases older than 10 years increases from
19 % prior to the intervention to 29-68 % at time 50
years, with strategy 3 causing the greatest age shift.
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Table 1. Baseline estimates by age at infection

Estimate per age group

Parameter 0-4 years 5-9 years 10-14 years 15-19 years >20 years

Case-fatality ratio 180 96 32-0 87-2 92:6
(per 100 000)

Case-hospitalization 5-8% 1:7% 1:7% 1:6% 53%
ratio

Direct health care 123 112 110 111 148
costs per case (€)

Work days lost per  0-4 0-4 0-3 0-2 2-0
measles case™

Benchmark societal 190859 221258 256499 297353 178 400
value per death (€)

Life-expectancy 73 68 63 58 27

(years)

* Adjusted for unemployment.

Under 90 % past coverage, the increase is from 45 % to
64-70 %, with strategy 1 causing the largest shift. In
view of the age-dependency of some of the other input
parameters (see below), these differences will have
an impact on the results, which is specific for each
strategy.

Disease costs

All costs presented in this study have been valued at
the 1999 price level, and converted to euros [€1 = $US
1-07 (1999)]. Published English data were used to
provide estimates of the age-specific complication
[11, 12], and case-fatality ratios [13]. A search of the
literature showed a wide range of estimated hospi-
talization probabilities between countries (the overall
per case hospitalization probability varies between 1-4
and 19%) [11, 14-17]. In general, European prob-
abilities (1:4% in England and Wales [11], 2:4% in
an outbreak in Indre et Loire, France [16], 2:4% in
Torino, Italy [18], 2:4 % in Northern Ireland [19] and
10-2% in an outbreak in Catalonia, Spain [15]) were
markedly lower than those estimated for other indus-
trialized countries (18-19% in the United States [14,
17], 14% in New Zealand [20]). Aspects contributing
to this variation may be related to differences in treat-
ment practices (and health care organization), general
socio-cultural differences and differences in the epi-
demiological situation (e.g. the average age at infec-
tion). Furthermore, it seems that the denominator for
the calculation of these probabilities may have been
overstated in some of the European studies by using all
reported cases instead of only confirmed and probable
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cases. Nevertheless, the European probabilities are
the most relevant basis of comparison for our analysis
(if anything, the use of these probabilities may lead
to conservative cost estimates). The hospitalization
probabilities in this analysis were therefore based on
a comprehensive set of French hospitalization data.
According to these data, 2-5 % of all measles cases were
hospitalized in France in 1997 (unpublished obser-
vation). The denominator in this study was corrected
for misdiagnosis, by applying positive predictive
values of diagnosis to the number of reported cases by
age. The distribution according to age groups is given
in Table 1. Average direct disease costs were estimated
from previous and ongoing European analyses on the
costs of measles. The previous studies included overall
(non-age specific) direct cost estimates of €145 per case
<10 yearsin Spain (dating from 1981 to 1982)[21] and
€111 per case in Northern Ireland (dating from 1983)
[19]. Neither of the published cost estimates from the
past includes the costs of long-term care for sequelae
[from neurological disorders like encephalitis and
subacute sclerosing panencephalitis (SSPE)]. In a re-
cent Belgian cost analysis direct costs including the
costs for long-term sequelae were calculated at €227,
212, 210, 200 and 194 for the age groups of 0—4, 5-9,
10-14, 15-19 and >20 years, respectively [22]. With-
out the inclusion of sequelae, these costs would be
reduced to €136, 103,112, 113, 151, respectively, which
is similar to the (inflated) past estimates [22]. Pre-
liminary direct cost estimates from France (excluding
the costs of sequelae), are also of a similar order of
magnitude (unpublished observation). In the baseline
analysis, we chose to ignore the costs of long-term care
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in order to provide a consistent European estimate (the
level of long-term care provided by the health-care
sector may vary between countries), meaning that from
the Belgian study, we only considered the scenario
without sequelae. In an attempt to include indirect
costs of measles morbidity, we used the number of
working days lost (usually by parents caring for ill
children, and occasionally by the patients themselves
when they acquire infection during adulthood). These
estimates were derived from studies on measles in
England and Wales and Spain [21], as well as from
studies on varicella in Belgium [23], France [24],
Germany [25] and Spain [26]. The varicella studies
seem to provide conservative estimates (varicella being
a generally milder disease than measles) and since these
studies were recently made, they should better reflect
current socio-economic and cultural behaviour vis-a-
vis parental home care than the few older studies
that were made for measles. In addition, an estimate
was made of the indirect societal costs of mortality on
the basis of the present value of future earnings (i.e.
the human capital method). We consider this to be a
conservative estimate, because with this method only
employed man-years are taken into account, and these
are valued in terms of gross earnings only. Anxiety,
pain and suffering for the patient and his/her family
and friends are thus ignored in this analysis. These
estimates were based on average income and employ-
ment rates in the European Union (EU-15). The main
baseline assumptions are summarized in Table 1. We
consider each of these assumptions to be conservative
(i.e. disfavouring vaccination).

Vaccination costs

Vaccination costs were estimated on the basis of
ongoing cost analyses, expert opinion and on survey
results from WHO EURO (C. Roure, personal com-
munication, 1997). The average price of the vaccine
was estimated as €6-3 per dose (these costs include the
costs for adverse events, about €0-1 per dose). The
marginal costs of administering the vaccine were as-
sumed to increase with the coverage achieved. Up to
70 % coverage the administration costs were estimated
as€7-3 per dose. This was arbitrarily increased by 20 %
for every 5 % increase in coverage above 70 %. For the
improvement of coverage from 90 to 95% — the final
increase that would require the greatest effort — the
administration costs per dose were estimated twice
as high as those for the increase in coverage from 85
to 90%, and were thus €30-2 per dose. Apart from
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making vaccination costs dependent on coverage, we
also assumed that the variable administration costs
were one third greater for a vaccine dose at age 5 years
than for a dose at age 15 months. Indeed, in some
countries a measles dose at 5 to 6 years of age could be
less compatible with the schedules for other vaccines.

For the campaign (as part of strategy 4), it was
assumed that the vaccine price was identical to the
price for the other strategies. The variable marginal
administration costs were set equal to those of the
second dose under strategy 3. The fixed marginal ad-
ministration costs of the campaign were assumed to
be €100000. Based on these assumptions, the cam-
paign would cost €179 per targeted child (and 19-4
per vaccinated child).

RESULTS
Cost-effectiveness analysis

In this section costs and effects are combined in a
single measure: the Incremental Cost-Effectiveness
Ratio (ICER). An ICER expresses the incremental
costs needed to obtain one additional effect.

The cost-effectiveness planes depicted in Figure 1
gives a visual representation of the relationship be-
tween the different strategies. The horizontal axis in-
dicates the additional number of life years gained by
the different strategies. The corresponding net savings
are indicated on the vertical axis. A strategy is con-
sidered more preferable the further to the right (the
more additional life years it gains) and the higher
(the more it saves or the less it costs) its position on
the charts.

Scenario A — past coverage 70 %

Given the past scenario of 70 % coverage, all other
strategies save more costs and life-years than strategy
1. This is the case for both viewpoints (that of the
health-care payer and that of society). Strategy 2 saves
the most direct costs of all strategies, while strategy 4
saves the most total costs of all strategies. Strategy 4
is by definition also the most effective strategy under
consideration. From a societal point of view, strategy
4 therefore dominates the other 4 strategies.

For the health-care payer the attractiveness of the
various strategies is not so obvious. Figure 2 sum-
marizes the relationship between strategies 2, 3 and 4.
The curves depict the additional costs and life-years of
high coverage two-dose vaccination (strategies 3 and 4)
vs. high coverage single-dose vaccination (strategy 2).
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Fig. 1. Representation in a cost-effectiveness plane of incremental savings and life-years gained vs. strategy 0. The markers
represent combined incremental savings (net costs if negative) and effect estimates for a given strategy vs. strategy 0. («) Past
scenario of 70 % vaccine coverage. (b) Past scenario of 90 % vaccine coverage. Circles: health-care payer’s viewpoint (only
direct health-care costs included). Squares: societal viewpoint [total costs (T): direct health-care costs and indirect time costs
related to morbidity included]. Filled circles or squares: discounted life-years gained. Empty circles or squares: undiscounted

life-years gained.

During the first 3 years, strategy 4 is less attractive
than strategy 3, because the investment up-front is
much greater due to the campaign. From then on the
roles are reversed. The incremental cost-effectiveness
of strategy 4 vs. 3 is in the order of €10000 per dis-
counted life-year gained after 3 years and stabilizes
atabout €5200 per discounted life-year gained after 10
years. If we adopt a criterion for cost-effectiveness of
€40 000 per quality-adjusted life-year gained (based on
Goldman et al. [27], as cited by Meltzer [28]), the ad-
dition of a mass campaign to a high coverage two-dose
vaccination programme is good value for money [the
use of life-years gained is conservative (an under-
estimation) in comparison to QALYs gained]. At
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€6313 and €6863 per discounted life-year gained,
strategies 4 and 3, respectively, show acceptable ICERs
vs. strategy 2 by the end of the time span. In sum, given
past vaccination coverage of 70% or less, the most
cost-effective option is to accompany the introduction
of high coverage two-dose vaccination with a cam-
paign targeted at susceptible youngsters. This applies
to both viewpoints. The choice of health outcome
(other than life-years gained) does not affect the
prioritization of options (not shown).

In addition the order of the strategies does not
change when effects are left undiscounted (see Fig. 1).
The strategies with large effectiveness over a long
period (strategies 3 and 4) are most sensitive to
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Fig. 2. Incremental direct costs per discounted life-year gained over the future, given single-dose vaccination at 70 % coverage
for the last 15 years. Strategy 2, single-dose vaccination at 95 % coverage. Strategy 3, two-dose vaccination at 95 % coverage.
Strategy 4, strategy 3 + a one time campaign targeted at age groups <15 years, with <95 % immune to measles.

discounting of effects (hence the large distance between
the discounted and undiscounted estimates).

Scenario B — past coverage 90 %

Given the scenario with past coverage of 90 %, for the
health-care payer there is no dominance of any strategy
(Fig. 1). Increasing single-dose vaccination coverage
by 5% (strategy 2) is the only cost-saving alternative
for the health-care payer, but it is also the least effec-
tive strategy. Relative to strategy 1, the direct ICER
of the more effective option of two doses at 90%
(strategy 1) is acceptable at €5115 per discounted life-
year gained.

In relation to two-dose vaccination at 90 % coverage
(strategy 1), two-dose vaccination at 95% has com-
parable cost-effectiveness with (strategy 4) or without
(strategy 3) an additional campaign; €8000 and €5000
per discounted life-year gained, respectively. The di-
rect ICER of strategy 4 vs. 3 levels off to about €26 200
per discounted life-year gained after a period of 5 years.
Therefore, even with high vaccination coverage in the
past, a one-time campaign to accompany a further
sustained increase in coverage is relatively cost-effec-
tive by standard criteria (i.e. <€40000 per discounted
life-year gained).

Table 2 summarizes the ICERs for some of the rel-
evant (non-dominated) options. Note again that the
order of the strategies (here strategy 3 more cost-
effective than strategy 4) does not change when effects
are left undiscounted or when other health outcomes
than life-years gained are used. For society all strat-
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egies are cost-saving, with strategy 3 yielding the great-
est savings (see Fig. 1). The total ICER of strategy 4 vs.
strategy 3 is €20 678 per discounted life-year gained.

Cost-benefit analysis

In cost—benefit analysis, the health gains are converted
into monetary units. All effects are then expressed in
a dollar value. In this analysis the conversion from
effect to monetary benefit was achieved by assigning
productivity losses to morbidity and mortality associ-
ated effects. Morbidity associated indirect time costs
arise when ill persons or their family interrupt their
normal activities in society to take care of the illness.
Mortality related indirect costs are a consequence of
time losses due to premature deaths.

Table 3 presents the results of the cost—benefit
analysis. Numbers in bold are the best in their row.
Under the scenario of 70 % coverage in the past, all
incremental strategies result in net savings. The opti-
mal choice for society would be to implement the most
effective of these strategies, strategy 4. Under the scen-
ario of 90 % coverage in the past, strategy 3 is the most
effective strategy that still yields net savings for all in-
cremental options. Nonetheless, strategy 4 also yields
net savings vs. strategies 0 and 2, implying that from
a societal point of view, a mass campaign can also be
optimal if past coverage was limited to high level
single-dose vaccination (90-95 %).

The benefit—cost ratios (BCRs) and net savings per
extra vaccinee are indicators of the relative contri-
bution of the various strategies to the potential savings


https://doi.org/10.1017/S0950268802008142

A S
~~ ~~
N 5]
o = o ¥ 5
o wox |l &
% | oo N en = ©
N — < =
<t ~— — ~— — — (5}
~ O o onoon O <=
) 2 e 0 © O b
3 Wl v < on < o
S - — ol O -
= s [\ > A ]
= = < =
< wn — =
> =
S et
[
= o S
< Tl e 2a ||F
Q 2| ~x O S ~ [5]
= [N N — 0 %
= <t [ JEe\| — <t <t &
S > ~ — ~— — — =
S By | o — o — -
S O | v ke =] F
.2 = | — @ O — — ~
S g b v © o
s = = X
3 ©n ~ I\
“ N
S Z
= S g
¥ N — ‘B
= 4 L = 8
= Slos Sac| g
BN Nl = =Zaall s
- %vv ~— N = 7]
2 [\ O ©
S} %Dgln S2&R( B
= = al N 0 > %
S s m o¥ S 8
= = A = =
~ (5] I Q. 2
) g o
¢ s ;
N O o
) = o =
=l -] = &~ | 2 2
NS |~ = =]
s 2155 2SS 2
S) <t | = N O ™~ >
o > = NN 5 E
'5 Bl — o N — on = e
= Ol <+ <+ =~ 2 ~°
o~ - N O 0~ — — Q S
S s S oo = &
l&) - <t — D [*)}
-~ n © (5] V
S E =
& < ‘é
— =
S — ~ ° ) a
S~ % ) - 38 © 4]
(<) - o~ —~ = =]
o o n o =
S n | A = O — — 153
o %vv ~— N 96 )
= 5| o~ N o \© Ve
S o | oo oo < = —
S = S = e v/
Q = N gﬂ' =
=}
= n = 3 a
©“ =
S o o
S 5 &
~ -
& o —~ (‘[i,_\ =1 qb)D
= 4 % - - =
| Zlsz =55 ¢ b
S <+ | & — o= A b =
= o | = T - — > iy
< By | o0 v N v < ) ] O
S O | © 0 O o <t Q. &0 . Bh . e
= 2178 27| ¢ £9:29%
S = N o 5 08 0 & =
IS 7 = § 28382
S n — ; 2950
N S ©29032¢g
= o O O .5
% = X 929X 9.3
N e S 2 g9l g
N =2 ~ S ~ < nggg
2 —~ — o o < < S
S 228 8hel|& sscs
S =|=C dee|s EEES e
% O | © o S oy on ES = o0& o3
() - N — N O — N.:NS.:I
£ s =~ w A S g3 839
<) — o = O =0 e g
S wn ) O .= O .72 O
Q %) NS&SSN
B2 -
3 +
S = g2>g =71
< [} [}
= o o] = o L o2
Q >
N H@ - g 85 < F?O’?Ob[)
N 131 D O el R= 4T OB o
o » R CL).C‘EYS 'C_‘d>.\'_"'_""'
N =% | 85 S5 ES2o o ®
515 8| 88 Do o0 == = &
\:') ‘US > N o &0 505353"’
— O = S -] -~ s »
=~ < o [ e AR B E o/ e e
. 25| 238922 geo—w\lmv
Q! 8O g 2R = S 22>
o gLl £ o008 0 S BEg o0 80 B0 Bo Bo
i) s | S=ezoEs|| 08888828
<l 5= CENR L5 3SS=S ==
< o < [ SR R S S =T B A A
g O O 0 OV VO = =28 &588583
= = < | &~ A AllHZrnwvnrnrnn

https://doi.org/10.1017/50950268802008142 Published online by Cambridge University Press

Economic evaluation of measles vaccination 279

of measles vaccination. They clearly show that the per-
vaccinee effect is greatest for an increase in single-dose
coverage. At a moderate investment (vaccinating an
extra 5-25% of a cohort of l-year-olds per year) it
yields the highest return on investment for society.
These indicators are attractive in the first place because
the denominator is small (intervention costs or extra
vaccinees), and only to a lesser extent because the
numerator is high (benefits or net savings). Under past
coverage of 70 % it is clear that an increase of first dose
coverage is more urgent and more beneficial than the
introduction of a second dose at an equally moderate
coverage level, because total net savings are much
greater with strategy 2 than with strategy 1. Under past
coverage of 90% this is not so clear. Although the
BCRs are highest for strategy 2, strategy 1 yields
greater net savings and would therefore be preferable
to strategy 2. The difference between benefits and costs
(i.e. net savings) offers more reliable guidance than the
ratio of benefits to costs. For instance, a strategy with
incremental costs of €1000 and benefits of €30000
yields net savings of €29 000 and a BCR of 30, whereas
a strategy with incremental costs of €1 million and
benefits of €2 million yields net savings of €1 million
and a BCR of 2. Therefore, society would clearly gain
most from the latter strategy. However, the size of
the investment is very country-specific. The greater the
required investment and the longer it takes for the ben-
efits to arise, the greater the opportunity costs (of other
interventions foregone), implying that net savings
per se are not the sole concern in decision-making.

Sensitivity analysis

We investigated the robustness of the findings in uni-
and bivariate sensitivity analysis. We were unable to
perform a complete probabilistic uncertainty analysis,
because the complex dynamic simulation model runs
separately from the economic model. As indicated
above, we considered the base input parameters to be
conservative. More favourable intervention assump-
tions will primarily improve the attractiveness of
strategies that vaccinate more susceptible people
(strategies 3 and 4). Therefore, setting the marginal
variable vaccination costs equal for all strategies (at
14 per dose), does not change the relative order of the
strategies, it only enforces the findings. The same ap-
plies when the costs of vaccine doses are all set equal
to the costs of a dose at 15 months of age (in the base
case other doses were 33 % more expensive than a dose
at 15 months). Applying a discount rate of 5% to both
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Strategy 3: two-dose vaccination at 95% coverage.

Strategy 4: strategy 3 +a one-time campaign targeted at age groups <15 years, with <95 % immune to measles.

costs and effects (instead of 3 % in the base case) makes
strategies 3 and 4 relatively less attractive, but it does
not change the order, nor the fact that strategy 4 results
in total net savings under both past scenarios (up until
a discount rate of 8%). By applying Belgian health-
care cost data (including the costs of long-term care,
see above) all strategies under past scenario B will also
yield direct net savings. The order of the strategies,
however, remains the same (except that under past
scenario A, strategy 4 dominates strategy 3 also for the
health-care payer).

In general, sensitivity analysis of the economic
parameters indicated that the results are most sensi-
tive to treatment and vaccination costs (not shown).
Nonetheless, the results are robust in that none of the
variations would exceed the defined cost-effectiveness
criterion, nor change the prioritization of strategies.
Note that the evolution of cost-effectiveness over time
is for all other incremental analyses much like strategy
4 vs. 2 in Figure 2. All the results are stable for time
spans of 20 years or more, implying that the length of
the time span beyond 20 years has limited impact on
our results and conclusions.

Threshold analysis

One of the main findings in this study is that an im-
provement of single-dose coverage yields greater direct
net savings than the addition of a second dose at the
existing coverage level (i.e. strategy 2 results in greater
direct net savings than strategy 1). In the baseline it was
already assumed that vaccination costs increase dis-
proportionately with coverage above a level of 70 %.
We performed a threshold analysis to determine the
difference in vaccination costs that would make strat-
egies 1 and 2 equivalent in direct net savings. Ad-
ditionally, we performed threshold analyses on the
societal value of death, to see which minimum value a
decision maker would have to attach to mortality to
choose the most effective of the options under con-
sideration.

Past coverage 70 %

With past coverage of 70 % and baseline vaccination
costs for strategy 1, direct net savings become equal for
strategies 1 and 2 if the vaccination costs for strategy 2
average €45-5 per dose. Therefore vaccination costs to
improve the coverage from 70 to 95% can become as
high as €133 per dose before both strategies are equal
in direct net savings (at that point strategy 2 is still
preferable to strategy 1 from a societal perspective, in
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total net savings and BCR). This implies that the
vaccination costs per dose of increasing single-dose
vaccination coverage from 70 to 95% (i.e. the vacci-
nation costs of the last 25 % increase) can be more than
eight times as high as the vaccination costs per dose
of two-dose vaccination at 70 % coverage, before both
strategies are equivalent for the health-care payer’s
budget.

The choice between strategies 3 and 4 will depend
greatly on the additional implementation costs of the
campaign. The additional vaccination costs per vac-
cinated person in the campaign can amount to €74-7
before the ICER of strategy 4 vs. strategy 3 exceeds
€40000 in the long run. This implies that you can
afford to spend almost four times as much on vacci-
nation of susceptibles in the campaign than on vacci-
nation with the second dose before the addition of a
campaign to a high coverage two-dose strategy loses its
attraction for the health-care payer.

In view of the fact that strategy 4 dominates strategy
3 when only morbidity related time costs are included,
the societal decision maker would have to view the
societal value of avoiding death as negative if s/he
chooses not to implement strategy 4. If we exclude
morbidity related time costs, the threshold societal
value of an averted death would have to be at least
309 670 (irrespective of age at death) to prefer strategy
4 to strategy 3.

Past coverage 90 %

With past coverage of 90 % and baseline vaccination
costs for strategy 1, direct net savings become equal for
strategies 1 and 2 if the vaccination costs for strategy 2
average €22-7 per dose. This implies that the vacci-
nation costs per dose of increasing single-dose vacci-
nation coverage from 90 to 95 % can be more than ten
times higher (or €159) than the vaccination costs per
dose of two-dose vaccination at 90 % coverage, before
both strategies are equally attractive to the decision
maker. However, the relative attractiveness of strategy
2 vs. 1 depends highly on the baseline vaccination
costs. The lower the vaccination costs per dose, the
more strategies that use many doses of vaccine gain
attractiveness (including strategy 1 relative to strategy
2). For instance, for vaccination costs per dose of €8-5
or lower, strategy 1 would save more than strategy 2.
Therefore if past coverage was high (90%) and the
vaccination costs per dose are rather low (<€8-5 per
dose), the addition of a second dose seems more justi-
fied than a further increase of single-dose vaccination
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coverage. Note that strategy 1 is also more effective
than strategy 2, and that the incremental direct costs
per life-year gained are €5115.

The societal perspective shows clearly a preference
for strategy 3. Indeed if only morbidity related time
costs are included, strategy 3 dominates strategies 0, 1
and 2. So if a societal decision maker does not opt
for a high coverage two-dose vaccination strategy, it
means that s/he implicitly attaches a negative value to
life. Or if we disregard morbidity-associated time costs,
the threshold value of life above which savings arise to
strategy 3 in relation to the next best option (strategy
1), would be €182 523. Furthermore in order to prefer
strategy 4 to strategy 3, the decision maker would have
to give a minimum value to life of €1177779. Note
though that in this analysis, we did not account for
future unrelated costs (i.c., costs which are not related
to measles arising during the prolonged lifetime),
which could be added to these threshold amounts to
come to the overall value of life (which could explain
a negative value of life to some decision makers). It is
exceptional for any economic evaluation to include
future unrelated costs. The impact of these costs in
the context of vaccination is discussed elsewhere [29].

DISCUSSION

In this study an analysis was made of economic costs
and medical effects associated with measles vacci-
nation in Western Europe. We analysed ten vacci-
nation options in terms of past and future vaccination
coverage.

The analysis shows that additional efforts to in-
crease the coverage of measles vaccination in view of
elimination is an efficient way of using resources in the
health-care sector. However, it is important to re-
member that we performed this analysis on the basis of
several generalizations. The European Region is far
more complex both in relation to measles vaccination
history and present health-care sector facilities than
we could incorporate in this general analysis. Due to
these differences in epidemiological and economic
parameters between different European countries, the
accuracy of the analysis would be highest if it were
carried out at the country level (until further notice the
usual level at which health-care decisions are taken).
Nevertheless we believe that, despite these general-
izations, the general picture remains as it is drawn here:
the relative (dis)advantage of the various vaccination
strategies and their order of efficiency would be
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basically the same among different countries in
Western Europe.

Based on the results of this analysis, the following
conclusions can be made:

e There is ample evidence to show that several of the
proposed strategies (1-4) for improving measles
vaccination coverage are preferable to maintaining
the existing strategy 0, regardless of past coverage
and the viewpoint of the analysis (health-care payer
or society).

e It is better to first increase the coverage of single-
dose vaccination up to 90% (up to 95% if past
coverage was less than 90 % for most of the time)
than it is to start two-dose vaccination at inferior
vaccination coverage. Threshold analysis indicated
that 8-10 times more could be spent per vaccination
on the last part of the increase of single-dose
coverage before single-dose vaccination loses its
advantage over two-dose vaccination from a purely
budgetary viewpoint.

e For society, very high coverage (95%) two-dose
vaccination is the most optimal option, irrespective
of past vaccination coverage. The economic value
of a one-time campaign to supplement such a high
coverage two-dose vaccination programme depends
on the historical vaccination coverage. With a his-
tory of low coverage (i.e. 70 % or less) the addition
of such a campaign to ecliminate susceptibility in
(pre-)adolescent age groups is cost-saving to the
health-care payer and to society. Given a history of
high coverage (i.e. 90% or more), sustained for a
long period, the addition of a campaign is no longer
cost-saving to the health-care payer, but the ICER
is of an acceptable magnitude. For society, this de-
pends on the societal value of an averted death. If
life is valued higher than 1-17 million a campaign
is warranted. The desirability of implementing a
campaign depends also on the magnitude of the
investment (and the associated opportunity costs) it
requires. This is country-specific. Therefore, given
sustained 90 % coverage in the past, the desirability
of implementing a one-time campaign cannot be
assessed conclusively by our analysis.

In sum, the incremental cost-effectiveness and cost-
benefit of moving on to the final stages (strategy 3 or 4)
are attractive, even if past coverage was high, but
under the condition that high coverage can effectively
be maintained. Indeed, we assumed that a continuing
effort of vaccination would be necessary and that
eradication would not be achieved within the (long)
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time horizon of the analysis. We have shown that
measles vaccination strategies with very high levels of
coverage maintained for a long period can be econ-
omically and epidemiologically superior to current
existing strategies, even if coverage has already been
high for more than a decade. Therefore it seems
that it is in the interest of Western European countries
to develop these elimination strategies, even if eradi-
cation will never be achieved. Improving measles
vaccination strategies requires a long-term vision,
demanding to heed the false sense of security that
arises as we head towards a measles free world. Still,
even if global measles eradication fails, sustained high
coverage two-dose vaccination (which interrupts en-
demic transmission) seems more efficient (and less
costly) to the health-care payer and society in Western
Europe than strategies currently employed in a number
of Western European countries.
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