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Abstract The objective of the paper is to assess the cost-
effectiveness of targeted respiratory syncytial virus (RSV)
prophylaxis based on a validated prediction rule with 1-year
time horizon in moderately preterm infants compared to no

prophylaxis. Data on health care consumption were derived
from a randomised clinical trial on wheeze reduction follow-
ing RSV prophylaxis and a large birth cohort study on risk
prediction of RSV hospitalisation. We calculated the incre-
mental cost-effectiveness ratio (ICER) of targeted RSV pro-
phylaxis vs. no prophylaxis per quality-adjusted life year
(QALYs) using a societal perspective, including medical and
parental costs and effects. Costs and health outcomes were
modelled in a decision tree analysis with sensitivity analyses.
Targeted RSV prophylaxis in infants with a first-year RSV
hospitalisation risk of > 10% resulted in a QALY gain of
0.02 (0.931 vs. 0.929) per patient against additional cost of
€472 compared to no prophylaxis (ICER €214,748/QALY).
The ICER falls below a threshold of €80,000 per QALYwhen
RSV prophylaxis cost would be lowered from €928 (baseline)
to €406 per unit. At a unit cost of €97, RSV prophylaxis would
be cost saving.

Conclusions: Targeted RSV prophylaxis is not cost-
effective in reducing RSV burden of disease in moderately
preterm infants, but it can become cost-effective if lower
priced biosimilar palivizumab or a vaccine would be
available.
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QALY Quality-adjusted life year
RSV Respiratory syncytial virus
WGA Weeks gestational age

What is known:
• RSV infection has a high burden of disease in preterm infants leading to
hospitalisations and recurrent wheezing during the first year of life.

• Due to high costs , the cost-efffectiveness of RSV prophylaxis is the
subject of debate, a targeted prophylaxis strategy could positively im-
pact the cost-effectiveness analyses in a time of health care budget
constraints.

What is new:
•Our results show that targeted RSV prophylaxis is not cost-effective, but
it can become cost-effective if a biosimilar palivizumab becomes avail-
able at 40% of the cost of current RSV prophylaxis.

Introduction

Respiratory syncytial virus (RSV) bronchiolitis is a major
cause of infant morbidity in both high income and low- and
middle-income countries and is associated with a large burden
of disease and high costs [15, 20, 30, 37]. A systematic review
estimated the global incidence among children < 1 year of age
at 19.19 per 1000 infants per year and a threefold higher rate
for preterm infants [38]. Each year, about 28,000 infants re-
quire medical care for RSV bronchiolitis in the Netherlands
[21, 28], of which approximately 2000 require hospitalisation
with costs of €2000–€4000 per patient [9, 23, 33]. In moder-
ately preterm infants born at 32–35 weeks gestational age
(WGA), we recently reported that about 9% of infants require
mechanical ventilation at a paediatric intensive care unit
(PICU) [25].

Children most at risk for severe disease are prematurely
born infants either with or without chronic lung disease
(CLD) and children with congenital heart disease (CHD)
[3]. RSV prevention is possible with a RSV-specific bio-
logical, palivizumab. RSV prophylaxis has shown to be
effective in preventing RSV infection in preterm infants
< 35 WGA [8, 39]. We showed in our randomised clinical
trial that RSV infection has a causal relation with recurrent
wheeze during the first year of life in such infants [8].
Although the burden of disease is considerable, RSV-
associated mortality in healthy term infants is probably
low, but published estimates vary between 0 and 8% [15,
30, 31, 34, 36, 38].

Meijboom estimated the total annual cost to society in the
Netherlands due to RSV to be €7.7 million if no vaccination is
undertaken [28]. Due to high costs, the cost-effectiveness of
RSV prophylaxis is the subject of vigorous debate [1, 2, 22,
32]. Several systematic reviews of the cost-effectiveness of

palivizumab conclude that results vary considerably and are
sensitive to poor-quality input values, especially the RSV-
associated mortality rate [2, 5, 43]. The current RSV prophy-
laxis program with palivizumab for preterm infants born be-
fore 32 WGA and infants with CLD or CHD includes 2994
users in the Netherlands and the total annual cost was €14.0
million for 2015 [16].

Following the publication of the MAKI trial (no acronym),
we raised the issue to perform a formal cost-effectiveness
analysis based on trial data and including impact and preven-
tion of recurrent wheeze [6, 10]. Our trial provided us with a
population of preterm infants 33–35WGA randomly assigned
to RSV prophylaxis or placebo with associated detailed
follow-up of RSV burden of disease and health care consump-
tion. We further integrated incidence data of the large RISK
birth cohort study in preterm infants 32–35 WGA designed to
develop a validated prediction rule for RSV hospitalisation
risk. To approximate real-time health care choices, we includ-
ed in our base case analysis the risk prediction at birth to
determine the impact of targeted RSV prophylaxis in preterms
with a > 10% hospitalisation risk [25]. Integration of decision
rules and targeted treatment programmes in recent cost-
effectiveness analyses to define cost-effective or even cost-
saving strategies in a time of health care budget constraints
is an accepted approach but remains rare [12, 18, 35, 42].
Because our trial spanned three subsequent RSV seasons
(2008–2011) and the RISK birth cohort study spanned seven
consecutive RSV seasons (2008–2014), our data reflects the
heterogeneity of RSV seasonality. The aim of this study is to
determine the cost-effectiveness of targeted RSV prophylaxis
in late preterm infants 32–35 WGA using a prospectively
validated prediction rule compared to standard care, i.e. no
prophylaxis.

Methods

Model

This cost-effectiveness study was performed based on the
MAKI randomised, double blind, placebo-controlled, multicen-
ter trial and the RISK birth cohort study, reported in more detail
elsewhere [8, 25]. A cost-utility analyses (CUA)was conducted
to assess the economic benefit of targeted RSV prophylaxis
with humanised monoclonal antibody palivizumab compared
to no prophylaxis in moderately preterm infants born at 32–
35 WGA for reducing the burden of RSV infection. The out-
come of the CUA was incremental costs per quality-adjusted
life year (QALY) gained. This analysis reflects the extra costs of
preventive treatment, i.e. RSV prophylaxis, minus the
prevented health care cost in relation to the prevented decrease
in health care burden due to RSV-related illness, i.e. QALY gain
by prevention of RSV hospitalisation and subsequent wheezing.
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The analysis was performed from a societal perspective, which
includes not onlymedical costs but also societal costs asmade by
parents. For the base case analysis, for which input values were
not yet varied, a time horizon of 1 year was used which matches
the time horizon of theMAKI trial.We choose to build a decision
tree to avoid substantial, and potentially unreliable, extrapolation
of trial data and implemented a validated prediction rule to target
RSV prophylaxis at infants with increased risk of severe RSV
disease (Fig. 1) [7, 25]. No discounting, a technique to correct
cost and outcome inputs derived from different time periods, was
necessary due to the 1-year horizon. The decision tree model was
built using TreeAge Pro (2017, TreeAge Software Inc.,
Williamstown, MA, USA).

Participants and randomization

In short, in the MAKI trail, 429 moderately preterm infants
(gestational age, 33 to 35 weeks) were recruited from paediat-
ric departments of one university hospital and 15 regional hos-
pitals in the Netherlands. Eligible infants were randomly
assigned in a 1:1 ratio to receive either monthly intramuscular
palivizumab injections or placebo during the winter season [8].

In short, in the RISK study of a multicenter prospective
birth cohort in 41 hospitals in the Netherlands, we validated

a prediction rule (area under the receiver operating curve 0.72
(95% CI 0.65–0.78)) in 4088 moderately preterm infants to
identify a high-risk group with a hospitalisation risk ≥ 10% in
the first year of life which is comparable to the hospitalisation
risk in preterm infants, < 32 WGA and other high-risk groups
[7, 25]. Risk factors (e.g. day care attendance, presence of
siblings, birth period) were assessed at birth among healthy
preterm infants 32–35 WGA. All hospitalisations for respira-
tory tract infection were screened for laboratory-proven RSV
infection.

Probabilities and clinical data

Probabilities on disease incidence were derived from the
MAKI trial and the RISK birth cohort study (Table 1).
The MAKI trial was designed and powered to determine
wheezing incidence; therefore, incidence of recurrent
wheeze was derived from this source. Because the inci-
dence of RSV hospitalisations was low in the MAKI
trial, we derived probabilities and duration of RSV ad-
mission and PICU admission from the RISK study. We
included mortality estimates that were derived from the
Dutch RSV Mortality Study, a study on RSV-associated
mortality. This study provided Dutch RSV mortality
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Fig. 1 Decision tree analysis for targeted RSV prophylaxis in moderate preterm infants
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estimates derived from hospital PICU administration and
the Dutch Centra l Bureau of Stat is t ics (CBS)
(Supplemental information).

Follow-up

In the MAKI trial, parents recorded airway symptoms, doctor
visits, hospitalisations and the use of airway medication in a
daily log until their infant was 1 year of age. General practi-
tioners (GPs) recorded number of GP visits and number of
prescriptions of short-acting beta agonist as relief medication
(first-choice test treatment Dutch College of GPs) [4]. In this
model, we included recurrent wheeze in the first year of life.

Recurrent wheeze was defined as three or more episodes of
wheezing during the first year of life. The number of
hospitalisations for laboratory-proven RSV infection was
assessed during the first year of life in both the MAKI trial
and the RISK study.

Measurement of effectiveness

The efficacy of RSV prophylaxis with palivizumab in reduc-
ing hospital admission in infants born at 32–35 weeks gesta-
tional age was set at 82% (95% CI 18–157%) reduction as
retrieved from two randomised clinical trials [8, 39].
Additionally, the MAKI trial provided the efficacy of RSV

Table 1 Model inputs: morbidity probabilities used in base case and sensitivity analyses

Model input Base case value SA range for one-way
sensitivity analysesa

Distribution Source

Probability

Prediction rule

High risk (> 10% RSV hospitalisation risk) 0.112 0.08–0.14 β (SD 0.01) Korsten et al.

RSV prophylaxis group

Recurrent wheezing, no RSV hospitalisationb 0.19 0.15–0.24 β (SD 0.02) Blanken et al.

Recurrent wheezing, RSV hospitalisationb 0.55 0.41–0.68 β (SD 0.05) Blanken

RSV hospitalisation, given high risk 0.126 0.095–0.158 β (SD 0.01) Korsten

PICU, given hospitalisationc 0.088 0.07–0.11 β (SD 0.01) Korsten

Mortality, given PICU admissionc 0.01 0.008–0.013 β (SD 0.001) Supplement

Placebo group

Recurrent wheezing, no RSV hospitalisation 0.19 0.15–0.24 β (SD 0.02) Blanken

Recurrent wheezing, RSV hospitalisation 0.55 0.41–0.68 β (SD 0.05) Blanken

RSV hospitalisation, given low risk 0.034 0.026–0.043 β (SD 0.005) Korsten

PICU, given hospitalisation 0.088 0.07–0.11 β (SD 0.01) Korsten

Standard care

Recurrent wheezing, no RSV hospitalisation 0.19 0.15–0.24 β (SD 0.02) Blanken

Recurrent wheezing, RSV hospitalisation 0.55 0.41–0.68 β (SD 0.05) Blanken

RSV hospitalisation 0.044 0.033–0.055 β (SD 0.005) Korsten

PICU, given hospitalisation 0.088 0.07–0.11 β (SD 0.01) Korsten

Utility (positive)/disutility (negative)

No RSV hospitalisation, baseline 0.95 0.71–1.00 Gamma (SD 0.1) Greenough et al.

RSV hospitalisation − 0.07 − 0.05– -0.09 Gamma (SD 0.01) Greenough

PICU admission§ − 0.15 − 0.17– -0.28 Gamma (SD 0.02) Jones et al.

Wheezing, QALY reduction − 0.08 − 0.06– -0.1 Gamma (SD 0.01) RIVM

Prophylaxis effectiveness

Reduction of RSV hospitalisation 0.82 0.62–1.03 β (SD 0.08) Blanken

Reduction of recurrent wheezing 0.47 0.35–0.59 β (SD 0.05) Blanken

SA range sensitivity analysis range, SD standard deviation
a Univariate sensitivity analysis ranges were derived by increasing and decreasing baseline values by 25%
bRecurrent wheezing following RSV GP visit in the RSV prophylaxis group was assumed equal to recurrent wheezing following RSV GP visit in the
placebo group because the trial data suggested an inconsistent probability of 1.0 following RSV GP visit in the RSV prophylaxis group (n = 2)
c Potential utility loss and costs due to PICU admission and mortality were included in all RSV hospitalisation based on the probability of PICU
admission and mortality following RSV hospitalisation
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prophylaxis in reducing recurrent wheeze which was set a
47% reduction [8].

High-risk group identification

For the use of targeted RSV prophylaxis, we considered 11%
of the palivizumab group as high risk, with a cut-off of a >
10% hospitalisation risk, following the proportion of the RSV
prediction rule paper [25]. The MAKI trial data did not permit
us to do individualised prediction because of missing baseline
data for the prediction rule and the low percentage of
hospitalisations [8].

Cost estimates

We valued the use of health care resources for both treatment
groups in the MAKI trial with Dutch reference prices and
calculated total costs from the total quantity of health care
resources consumed and the unit cost of those resources
[19]. Costs of medication were obtained from the Dutch
Formulary, including a pharmacist fee for each subscription.
Use of bronchodilators (short-acting beta agonist, first choice
salbutamol/albuterol) was calculated for a trial course of
2 weeks, followed by symptom relief treatment based on re-
ported symptoms in the diary, according to national asthma
guidelines for this age group [4]. Over the counter drugs were
not measured in the trial and not included in this model be-
cause of a lack of reliable data in this population. Used health
care resources did not include administration cost for RSV
prophylaxis as this is a free of charge service as part of
palivizumab reimbursement in the Netherlands. In case of
PICU admission, ambulance transfer was taken into account
because PICU admissions in the Netherlands generally occur
after a transfer from a secondary to a tertiary care hospital.
Parental transportation costs were calculated based on the es-
timate of 189 travelled kilometres (km) per admission and
reference costs of €0.9 per km [19, 29]. Other costs included
productivity losses by caretakers as a result of caregiving to
children suffering from RSV infections. It has been estimated
that on average two parental workdays are lost as the result of
a RSV-related hospitalisation [29].

Health outcomes

In the model, utilities were defined for all health states, and
using the health state durations (i.e. modelled at 1 year),
QALYs were calculated for each strategy to determine the
QALY gains for the targeted RSV prophylaxis strategy com-
pared to no prophylaxis. One study by Greenough et al. pro-
vides utilities for RSV health states for preterm children with a
RSV hospitalisation. In this study, the quality of life in chil-
dren, aged 2–4 years, with a history of preterm birth and RSV
hospitalisation were compared with that of a control group of

preterm children without a history of RSV hospitalisation
[17]. The median Health Utilities Index (HUI 2) multi-
attribute utility function was 0.88 in children with a confirmed
RSV infection and a history of chronic lung disease, as com-
pared to 0.95 in the control group. For quality of life loss
following a PICU admission, we included the HUI 2 score
of 0.73 from a study of 1455 children, mean age 4 years,
who were followed up until 6 months after discharge [24].
To prevent double counting, we assumed that this decrease
in quality of life due to a PICU admission is not additive to
the QALY decrease due to a RSV admission because this
PICU admission would also include an initial hospital admis-
sion. QALY decreases due to recurrent wheezing were not
separately assessed in these studies therefore we based the
quality of life decrease on the best estimate as derived from
QALY decrease for asthma of 0.08 based on a Dutch national
reference study [13].

Sensitivity analyses

It is important to evaluate to uncertainty of the input values
used in a cost-effectiveness analysis. To account for this uni-
variate and probabilistic sensitivity, analyses were performed
to explore the impact of parameter uncertainty. Transition
probabilities were inserted as beta distributions and utility
decrements as gamma distributions [11]. Cost-related param-
eters were inserted as fixed values when prices were fixed (i.e.
GP visits). To measure the impact of the used baseline cost
and outcome variables, these were varied by increasing and
decreasing baseline inputs by 25% to account for a wide range
of uncertainty. Univariate sensitivity analyses on all key input
variables were conducted increasing and decreasing each in-
put variable while keeping other variables constant to identify
the critical parameters driving results. Results of one-way sen-
sitivity analyses were depicted in a tornado diagram. In addi-
tion, probabilistic sensitivity analysis was performed to eval-
uate the uncertainty of the ICER taking into account uncer-
tainty across all variables simultaneously. In this analysis, the
base case estimate and a distribution (e.g. normal, beta, gam-
ma, log-normal, fixed) were specified (Table 2). With Monte
Carlo sampling, 5000 samples were drawn from these distri-
butions and used as input for the model, so the model was run
5000 times to evaluate the difference in account with the dif-
ference in input. Each iteration produced values for incremen-
tal costs, incremental benefits and ICERs. From the 5000 sim-
ulations, the probability that the intervention is cost-effective
(net monetary benefit > 0, given a willingness to pay €80,000)
was deduced and the 95% CI.

Threshold analyses

A threshold analysis of lower prophylaxis prices on the ICER
was also analysed, to determine the maximum cost of RSV
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Table 2 Unit prices of resources
used for preterm infants during 1-
year trial follow-up

Resource Unit cost (€) Source

Intervention costs

Specialist hourly fee 104 Hakkaart et al, 2015

Palivizumab, per unita 928.60 GIP databank

Pharmacist fee 6 Farmacotherapeutisch Kompas

Direct medical costs

GP contact, unit 33 Hakkaart

Hospital admission paediatrics, per day 627 Hakkaart

Ambulance transfer, urgentb 613 Hakkaart

PICU admission, per day 2015 Hakkaart

Wheezing GP contact 28 Hakkaart

SABA episode, including Babyhaler 21.5 Medicijnkosten.nl

Indirect medical costs

Parental costs

Transportation (per km) 0.19 Hakkaart

Workdays lost 278 Hakkaart

All unit costs are based on 2015 prices. Based on fixed reference prices not included in sensitivity analyses
a Price year 2015
bAdditive to PICU admission cost

Table 3 Mean use of resources
Resource Palivizumab (n = 214) Placebo (n = 215)

Intervention costs

Specialist fee

Palivizumab prescription (hour) 0.08a 0

Palivizumab unitsb 5.08 0

Pharmacist fee total 43.5 0

Direct medical costs

Hospital admission, RSV proven (SD)c 5.8 days (4.8) 5.8 days (4.8)

Ambulance transfer, given PICU admission 1 1

PICU admission (SD)d 8.1 days (8.0) 8.1 days (8.0)

Recurrent wheezing GP contacte (SD) 2.5 (2.2) 5.3 (5.8)

Episodes with SABA prescriptionf (SD) 0.12 (0.6) 0.21 (0.5)

Indirect medical costs

Parental costs given hospital admission

Transportation (km)g 189 189

Work days lostg 2 2

Values are means
a Duration for prescription based on personal communication
d Based on Dutch national GIP (The Drug Information System of National Health Care Institute) databank data of
actual yearly palivizumab use (SABA: short-acting beta agonists)
c Based on the RSV-positive admissions in the RISK study (n = 181, hospital laboratory proven, Korsten et al.);
the number of RSV-positive admissions in the MAKI trial: RSV prophylaxis (n = 2, mean duration 5.3 days),
placebo (n = 11, mean duration 6.6 days)
d Based on the RISK study PICU admission duration (Korsten et al.), there were no PICU admission in the RSV
prophylaxis group and 1 PICU admission in the placebo group, duration 10.75 days
e GP reported
f GP or parent reported, corrected for double counting
gNot recorded in the MAKI trial, derived from Miedema et al.

138 Eur J Pediatr (2018) 177:133–144



prophylaxis for which the targeted RSV strategy would have
an incremental cost-effectiveness ratio less than the informal
threshold of €80,000/QALY [41]. All analyses were per-
formed with TreeAge Pro and SPSS version 20 (IBM SPSS
Statistics, Chicago, IL).

Results

Participants

The MAKI trial consisted of 429 moderately preterm infants
included at birth. Of these, 214 infants were randomly

assigned to receive palivizumab and 215 infants were
assigned to receive placebo. The two groups were well bal-
anced regarding inclusion year, gestational age and birth
month and had similar baseline characteristics as described
previously (Supplementary Table) [8]. The RISK study
consisted of 4088moderately preterm infants included at birth
with a follow-up period of 1 year.

Costs, health outcomes and cost-effectiveness

Unit prices and mean use of resources per infant during the 1-
year trial follow-up were evaluated (Table 1, 2 and 3). During
the 1-year follow-up, the mean total RSV prophylaxis costs

Fig. 2 One-way sensitivity analyses, tornado diagram. Values are ICER
€/QALYwith tornado bars representing the effect of univariate sensitivity
analyses. Variables were selected based on level of impact (from top to
bottom): high-risk probability of the prediction rule, RSV prophylaxis
effectiveness in preventing RSV hospitalisations, the RSV hospitalisation

incidence in the high-risk population, the hospital admission duration, the
probability of PICU admission following RSV hospitalisation, the prob-
ability of mortality following PICU admission and the PICU admission
duration
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per patient were €4717 for the RSV prevention group and €0
for the placebo group. A separate analysis of trial data only
produced an ICER of > €1,000,000/QALYwhen targeted pro-
phylaxis was not considered. The analysis of health outcomes
showed that targeted RSV prophylaxis resulted in 0.0022
QALYs gained (0.931 vs. 0.929) at an additional cost of
€472 (€758 vs. €286) per patient compared to no prophylaxis.
Targeted RSV prevention with palivizumab for moderately
preterm infants vs. no prophylaxis in the base case produced
an ICER of €214,748 per QALY gained.

Sensitivity analyses

Figure 2 shows that the ICER was most sensitive to the dis-
criminatory power of the prediction rule (range €168,996–
€246,852/QALY) and the RSV prophylaxis effectiveness
(range €185,637–€258,055/QALY). The effect of PICU inci-
dence and the effect of mortality following PICU were limited

(range €208,327–€217,955/QALY and range €214,834–
€219,427/QALY). Furthermore, the effects of the cost of
RSV hospitalisation and PICU admission following RSV
hospitalisation were limited (range €208,519–€221,674/
QALY and range €213,769–216,620/QALY) (Fig. 2). The
probabilistic sensitivity analysis showed that the probability
of cost-effectiveness is 0.5% considering a threshold of
€80,000 (Fig. 3). The cost-effectiveness acceptability curve
shows the performance of targeted RSV prophylaxis com-
pared to standard care at different willingness to pay levels
(Fig. 4).

Threshold analysis

In the scenario analysis to evaluate the effect of lower priced
RSV prophylaxis, lowering the price of the treatment with
RSV prophylaxis from €929 to €406 per unit (€2062 per in-
fant per year) assuming future market introduction of a

Fig. 3 Incremental cost-effectiveness scatterplot on a cost-effectiveness
plane showing the statistical uncertainty through 5000 bootstrapped sam-
ples. Results of probabilistic sensitivity analysis with per infant incremen-
tal cost-effectiveness in a scatterplot for targeted RSV prophylaxis vs.

standard care (no RSV prophylaxis) in moderately preterm infants 32–
35 weeks gestational age. The reference line represents willingness to pay
threshold of €80,000/QALY
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biosimilar anti-RSV humanised monoclonal antibody yields a
favourable ICER below the informal threshold of €80,000 per
QALY. At a unit cost < €97 (€493 per infant per year), RSV
prophylaxis would become cost saving in this high-risk
population.

Discussion

Our results show that targeted RSV prophylaxis results in an
incremental cost-effectiveness ratio of €214,748 per QALY
gained and therefore is not a cost-effective strategy to prevent
severe RSV infection and wheeze in the first year of life. Even
with targeted RSV prophylaxis for only 10% of moderately
preterm infants with an estimated risk of > 10% for RSV
hospitalisation, the costs are still well above the informal
Dutch cost-effectiveness threshold €80,000 per QALY gained.
We are the first to present targeted cost-effectiveness of RSV

prophylaxis compared to no prophylaxis in moderately pre-
term children based on prospective trial data and a large birth
cohort study. The use of RSV prophylaxis in this high-risk
population results in a small increase in QALYs against high
additional costs. One-way and probabilistic sensitivity analy-
ses showed the robustness of our results and impact of indi-
vidual parameters on the outcome.

Subsequent threshold analyses showed that the current
available RSV prophylaxis, palivizumab, would need a 60%
price cut for an acceptable cost-effectiveness level at a thresh-
old of €80,000 per QALY. A price cut of > 90%would result in
a cost-saving strategy. Currently, a palivizumab biosimilar is
under investigation at the Utrecht Centre for Affordable
Biotherapeutics but the progress is unknown [40]. Taken to-
gether, our study helps to understand acceptable pricing for
future RSV preventive interventions, in particular palivizumab
biosimilars for otherwise healthy late preterm infants.

The major strength of our study is that it is the first cost-
effectiveness study of RSV prophylaxis in this population

Fig. 4 Cost-effectiveness acceptability curve at different willingness to
pay levels for RSV prophylaxis based on 5000 iterations. Results of
probabilistic sensitivity analysis with per infant incremental cost-

effectiveness in a cost-effectiveness acceptability curve of targeted RSV
prophylaxis (blue line) vs. standard care (no RSV prophylaxis, red line) in
moderately preterm infants 32–35 weeks gestational age
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based on data from a randomised placebo-controlled trial and
a large birth cohort study, which enabled us to include the
most reliable baseline probabilities and include all relevant
evidence as deemed appropriate by Briggs et al. [11]. Some
limitations should also be discussed. First, we did not assess
all use of resources in our trial. Therefore, we used published
data from the Dutch costing manual and published data for
resource use. For indirect cost made by parents, we included
estimates from a Dutch paper better representing our popula-
tion rather than estimates from amore comprehensive analysis
in moderately preterm infants [26, 29]. Second, due to the
choice for a short time horizon in line with trial follow-up,
the impact of mortality following severe RSV infection is
limited. However, the Dutch RSV Mortality Study described
that RSV-related mortality in otherwise healthy preterm in-
fants is minimal. Third, the utility estimates were derived from
the literature because with the quality of life estimates from
our trial we could not determine utility scores for RSV infec-
tion. In our trial, we took the TNO-AZL Preschool Children
Quality of Life (TAPQOL) questionnaire every 3 months.
However, TAPQOL does not report utilities [14]. As a conse-
quence, deriving QALY decreases due to RSV admission or
PICU admission from different sources could lead to an effect
underestimation because we assumed that not all QALY de-
creases were additive, for example in the case of PICU admis-
sion. This will likely not have influenced the results of our
study, since the number of PICU admissions is low.

The RSV treatments that are currently in development in-
clude 10 vaccines and 11 therapeutic agents in active clinical
trials [27]. Maternal vaccination is especially relevant for in-
fants below 6 months of age, as these infants are at high risk
for severe disease but are unlikely to benefit from active
immunisation. It is our understanding that, even with the in-
troduction of a maternal or infant vaccine, the use of anti-RSV
monoclonal antibodies could still be necessary to protect pre-
term infants below the age of 3–6 months. The use of a ma-
ternal or infant vaccine is highly dependent on level of effica-
cy and the age at first vaccination and could implicate a time
horizon for monoclonal antibody protection before vaccina-
tion is possible and effective. Our model could be easily
adapted to consider a combination of RSV prophylaxis with
monoclonal antibody and new RSV vaccines.

Conclusion

Targeted RSV prophylaxis is not yet cost-effective in reducing
RSV burden of disease in moderately preterm infants with
incremental costs per QALY ratio far exceeding applied
threshold values. Our results show that targeted RSV prophy-
laxis could become cost-effective if lower priced biosimilar
palivizumab or a vaccine becomes available.

Acknowledgements Dekker MA, MD, gathered data and performed
the statistical analyses for the Dutch RSV Mortality Study
(Supplement); Jansen NJG, MD, supervised data gathering for the
Dutch RSV Mortality Study.

Authors’ Contributions The MAKI trial and RISK study were con-
ceived by LB and MMR. RISK and MAKI were designed by LB and
MOB. EEN and MOB collected data for both studies. MOB conceived
and wrote the report. MOB conceived and performed the statistical and
economic analyses with support for data interpretation from GWF, MMR
and HK. EAM, GWF, HK, MMR and LB reviewed the intellectual con-
tent and the final report. All authors reviewed and approved the final
version of the manuscript submitted for publication.Funding
informationThis investigator-driven study was funded by a grant from
the Netherlands Organisation for Health Research and Development
(NWO-AGIKO grant 920-035-89, to Dr. Blanken). The corresponding
author had full access to all the data in the study and had final responsi-
bility for the decision to submit for publication.

Compliance with ethical standards

Conflict of interest LB reports consulting fees from Janssen, Gilead,
Okairos, Mabxience, Alios and AIT, during the conduct of the study;
MOB reports consulting fees from AbbVie. All other authors have indi-
cated they have no potential conflicts of interest to disclose.

LB reports grants for investigator-initiated studies from MedImmune
and fromAbbVie, including theMAKI trial fromwhich data for this cost-
effectiveness study were derived. All other authors have indicated they
have no financial relationships relevant to this article to disclose.

Informed consent Informed consent was obtained from all individual
participants included in the study.

Open Access This article is distributed under the terms of the Creative
Commons At t r ibut ion 4 .0 In te rna t ional License (h t tp : / /
creativecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided you give
appropriate credit to the original author(s) and the source, provide a link
to the Creative Commons license, and indicate if changes were made.

References

1. American Academy of Pediatrics Committee on Infectious
Diseases, American Academy of Pediatrics Bronchiolitis
Guidelines Committee (2014) Updated guidance for palivizumab
prophylaxis among infants and young children at increased risk of
hospitalization for respiratory syncytial virus infection. Pediatrics
134(2):e620–e638. https://doi.org/10.1542/peds.2014-1666

2. Andabaka T, Nickerson JW, Rojas-Reyes MX, Rueda JD, Bacic
Vrca V, Barsic B (2013) Monoclonal antibody for reducing the risk
of respiratory syncytial virus infection in children. Cochrane
Database Syst Rev 4:CD006602. https://doi.org/10.1002/
14651858.CD006602.pub4

3. Anderson EJ, Carbonell-Estrany X, Blanken M, Lanari M,
Sheridan-Pereira M, Rodgers-Gray B, Fullarton J, Rouffiac E, Vo
P, Notario G, Campbell F, Paes B (2017) Burden of severe respira-
tory syncytial virus disease among 33-35 weeks’ gestational age
infants born during multiple respiratory syncytial virus seasons.
Pediatr Infect Dis J 36(2):160–167. https://doi.org/10.1097/INF.
0000000000001377

4. Bindels PJE, Van de Griendt EJ, Grol MH, Van Hensbergen W,
Steenkamer TA, Uijen JHJM, Burgers JS, Geijer RMM, Tuut M.
Dutch general practitioner society (NHG): guideline Asthma in

142 Eur J Pediatr (2018) 177:133–144

https://doi.org/10.1542/peds.2014-1666
https://doi.org/10.1002/14651858.CD006602.pub4
https://doi.org/10.1002/14651858.CD006602.pub4
https://doi.org/10.1097/INF.0000000000001377
https://doi.org/10.1097/INF.0000000000001377


children (3rd revision). https://www.nhg.org/standaarden/volledig/
nhg-standaard-astma-bij-kinderen. Published 2014

5. Blanken M, Bont L, Rovers M (2011) The cost-effectiveness of
palivizumab in the prevention of respiratory syncytial virus bron-
chiolitis: a systematic review. Curr Respir Med Rev 7(3):203–212.
https://doi.org/10.2174/157339811795589531

6. Blanken MO, Rovers MM, Bont L, Dutch RSV (2013) Neonatal
network. Respiratory syncytial virus and recurrent wheeze. N Engl
J Med 369(8):782–783. https://doi.org/10.1056/NEJMc1307429

7. Blanken MO, Koffijberg H, Nibbelke EE, Rovers MM, Bont L
(2013) Prospective validation of a prognostic model for respiratory
syncytial virus bronchiolitis in late preterm infants: a multicenter
birth cohort study. PLoS One 8(3):e59161. https://doi.org/10.1371/
journal.pone.0059161

8. BlankenMO, RoversMM,Molenaar JM et al Respiratory syncytial
virus and recurrent wheeze in healthy preterm infants. N Engl J
Med 368(19):1791–1799

9. Bos J, Rietveld E, Moll H, Steyerberg E, Luytjes W, Wilschut J,
Degroot R, Postma M (2007) The use of health economics to guide
drug development decisions: determining optimal values for an
RSV-vaccine in a model-based scenario-analytic approach.
Vaccine 25(39–40):6922–6929. https://doi.org/10.1016/j.vaccine.
2007.07.006

10. Brand PLP (2013) Respiratory syncytial virus and recurrent
wheeze. N Engl J Med 369(8):782. https://doi.org/10.1056/
NEJMc1307429#SA1

11. Briggs A, Claxton K, Sculpher M (2006) Decision modelling for
health economic evaluation. Oxford University Press, Oxford

12. Debes AK, Gilman RH, Onyango-Makumbi C, Ruff A,
Oberhelman R, Dowdy DW (2017) Cost-effectiveness of diagnos-
tic algorithms for tuberculosis in children less than 5 years of age.
Pediatr Infect Dis J 36(1):36–43. https://doi.org/10.1097/INF.
0000000000001342

13. Eysink, PED; Blatter BM; van Gool, CH; Gommer, AM; van den
Bossche, SNJ; Hoeymans N (2007) Disease burden of unfavorable
work conditions in the Netherlands. http://www.rivm.nl/
bibliotheek/rapporten/270012001.pdf

14. Fekkes M, Theunissen NC, Brugman E et al (2000) Development
and psychometric evaluation of the TAPQOL: a health-related qual-
ity of life instrument for 1–5-year-old children. Qual Life Res 9(8):
961–972. https://doi.org/10.1023/A:1008981603178 http://www.
ncbi.nlm.nih.gov/pubmed/11284215. Accessed May 3, 2017

15. Geoghegan S, Erviti A, Caballero MT, Vallone F, Zanone SM,
Losada JV, Bianchi A, Acosta PL, Talarico LB, Ferretti A,
Grimaldi LA, Sancilio A, Dueñas K, Sastre G, Rodriguez A,
Ferrero F, Barboza E, Gago GF, Nocito C, Flamenco E, Perez
AR, Rebec B, Ferolla FM, Libster R, Karron RA, Bergel E,
Polack FP (2017) Mortality due to respiratory syncytial virus.
Burden and risk factors. Am J Respir Crit Care Med 195(1):96–
103. https://doi.org/10.1164/rccm.201603-0658OC

16. GIP / Zorginstituut Nederland. No Title. https://www.gipdatabank.
nl/databank.asp?tabel=01-basis&item=J06BB16&infoType=
g&label=00-totaal&geg=vg

17. Greenough A, Alexander J, Burgess S, Bytham J, Chetcuti PA,
Hagan J, Lenney W, Melville S, Shaw NJ, Boorman J, Coles S,
Turner J, Pang F (2004) Health care utilisation of prematurely born,
preschool children related to hospitalisation for RSV infection.
Arch Dis Child 89(7):673–678. https://doi.org/10.1136/adc.2003.
036129

18. Gregory S, Kuntz K, Sainfort F, Kharbanda A (2016) Cost-
effectiveness of integrating a clinical decision rule and staged im-
aging protocol for diagnosis of appendicitis. Value Heal 19(1):28–
35. https://doi.org/10.1016/j.jval.2015.10.007

19. Hakkaart-van Roijen L, van der Linden N, Bouwmans CAM,
Kanters TA, Tan S. Kostenhandleiding. Methodologie van
Kostenonderzoek En Referentieprijzen Voor Economische

Evaluaties in de Gezondheidszorg. (Costing manual. Methods and
reference prices for economic evaluations in health care). Diemen

20. Hall CB, Weinberg GA, Iwane MK, Blumkin AK, Edwards KM,
Staat MA, Auinger P, Griffin MR, Poehling KA, Erdman D,
Grijalva CG, Zhu Y, Szilagyi P (2009) The burden of respiratory
syncytial virus infection in young children. N Engl J Med 360(6):
588–598. https://doi.org/10.1056/NEJMoa0804877

21. Houben ML, Bont L, Wilbrink B, Belderbos ME, Kimpen JLL,
Visser GHA, Rovers MM (2011) Clinical prediction rule for RSV
bronchiolitis in healthy newborns: prognostic birth cohort study.
Pediatrics 127(1):35–41. https://doi.org/10.1542/peds.2010-0581

22. Isaacs D (2013) Should respiratory care in preterm infants include
prophylaxis against respiratory syncytial virus? The case against.
Paediatr Respir Rev 14(2):128–129. https://doi.org/10.1016/j.prrv.
2012.12.006

23. Jansen AGSC, Sanders EAM, Hoes AW, van Loon AM, Hak E
(2007) Influenza- and respiratory syncytial virus-associated mortal-
ity and hospitalisations. Eur Respir J 30(6):1158–1166. https://doi.
org/10.1183/09031936.00034407

24. Jones S, Rantell K, Stevens K, Colwell B, Ratcliffe JR, Holland P,
Rowan K, Parry GJ, on behalf of the United Kingdom Pediatric
Intensive Care Outcome Study Group (2006) Outcome at 6 months
after admission for pediatric intensive care: a report of a national
study of pediatric intensive care units in the United kingdom.
Pediatrics 118(5):2101–2108. https://doi.org/10.1542/peds.2006-
1455

25. Korsten K, Blanken MO, Nibbelke EE, Moons KGM, Bont L
(2016) Dutch RSV neonatal network. Prediction model of RSV-
hospitalization in late preterm infants: an update and validation
study. Early Hum Dev 95:35–40. https://doi.org/10.1016/j.
earlhumdev.2016.01.020

26. Leader S, Jacobson P, Marcin J, Vardis R, Sorrentino M, Murray D
A method for identifying the financial burden of hospitalized in-
fants on families. Value Health 5(1):55–59. https://doi.org/10.1046/
j.1524-4733.2002.51076.x

27. Mazur NI, Martinón-Torres F, Baraldi E, Fauroux B, Greenough A,
Heikkinen T, Manzoni P, Mejias A, Nair H, Papadopoulos NG,
Polack FP, Ramilo O, Sharland M, Stein R, Madhi SA, Bont L,
Respiratory Syncytial Virus Network (ReSViNET) (2015) Lower
respiratory tract infection caused by respiratory syncytial virus: cur-
rent management and new therapeutics. Lancet Respir Med 3(11):
888–900. https://doi.org/10.1016/S2213-2600(15)00255-6

28. Meijboom MJ, Rozenbaum MH, Benedictus A, Luytjes W,
Kneyber MCJ, Wilschut JC, Hak E, Postma MJ (2012) Cost-
effectiveness of potential infant vaccination against respiratory syn-
cytial virus infection in The Netherlands. Vaccine 30(31):4691–
4700. https://doi.org/10.1016/j.vaccine.2012.04.072

29. Miedema CJ, Kors AW, Tjon ATWE, Kimpen JL Medical con-
sumption and socioeconomic effects of infection with respiratory
syncytial virus in The Netherlands. Pediatr Infect Dis J 20(2):160–
163

30. Nair H, Nokes DJ, Gessner BD, Dherani M, Madhi SA, Singleton
RJ, O’Brien KL, Roca A, Wright PF, Bruce N, Chandran A,
Theodoratou E, Sutanto A, Sedyaningsih ER, Ngama M,
Munywoki PK, Kartasasmita C, Simões EAF, Rudan I, Weber
MW, Campbell H (2010) Global burden of acute lower respiratory
infections due to respiratory syncytial virus in young children: a
systematic review and meta-analysis. Lancet 375(9725):1545–
1555. https://doi.org/10.1016/S0140-6736(10)60206-1

31. Prais D, Schonfeld T, Amir J, Israeli Respiratory Syncytial Virus
Monitoring Group (2003) Admission to the intensive care unit for
respiratory syncytial virus bronchiolitis: a national survey before
palivizumab use. Pediatrics 112(3 Pt 1):548–552. https://doi.org/
10.1542/peds.112.3.548 http://www.ncbi.nlm.nih.gov/pubmed/
12949282. Accessed May 2, 2017

Eur J Pediatr (2018) 177:133–144 143

https://www.nhg.org/standaarden/volledig/nhg-standaard-astma-bij-kinderen
https://www.nhg.org/standaarden/volledig/nhg-standaard-astma-bij-kinderen
https://doi.org/10.2174/157339811795589531
https://doi.org/10.1056/NEJMc1307429
https://doi.org/10.1371/journal.pone.0059161
https://doi.org/10.1371/journal.pone.0059161
https://doi.org/10.1016/j.vaccine.2007.07.006
https://doi.org/10.1016/j.vaccine.2007.07.006
https://doi.org/10.1056/NEJMc1307429#SA1
https://doi.org/10.1056/NEJMc1307429#SA1
https://doi.org/10.1097/INF.0000000000001342
https://doi.org/10.1097/INF.0000000000001342
http://www.rivm.nl/bibliotheek/rapporten/270012001.pdf
http://www.rivm.nl/bibliotheek/rapporten/270012001.pdf
https://doi.org/10.1023/A:1008981603178
http://www.ncbi.nlm.nih.gov/pubmed/11284215
http://www.ncbi.nlm.nih.gov/pubmed/11284215
https://doi.org/10.1164/rccm.201603-0658OC
https://www.gipdatabank.nl/databank.asp?tabel=01-basis&item=J06BB16&infoType=g&label=00-totaal&geg=vg
https://www.gipdatabank.nl/databank.asp?tabel=01-basis&item=J06BB16&infoType=g&label=00-totaal&geg=vg
https://www.gipdatabank.nl/databank.asp?tabel=01-basis&item=J06BB16&infoType=g&label=00-totaal&geg=vg
https://doi.org/10.1136/adc.2003.036129
https://doi.org/10.1136/adc.2003.036129
https://doi.org/10.1016/j.jval.2015.10.007
https://doi.org/10.1056/NEJMoa0804877
https://doi.org/10.1542/peds.2010-0581
https://doi.org/10.1016/j.prrv.2012.12.006
https://doi.org/10.1016/j.prrv.2012.12.006
https://doi.org/10.1183/09031936.00034407
https://doi.org/10.1183/09031936.00034407
https://doi.org/10.1542/peds.2006-1455
https://doi.org/10.1542/peds.2006-1455
https://doi.org/10.1016/j.earlhumdev.2016.01.020
https://doi.org/10.1016/j.earlhumdev.2016.01.020
https://doi.org/10.1046/j.1524-4733.2002.51076.x
https://doi.org/10.1046/j.1524-4733.2002.51076.x
https://doi.org/10.1016/S2213-2600(15)00255-6
https://doi.org/10.1016/j.vaccine.2012.04.072
https://doi.org/10.1016/S0140-6736(10)60206-1
https://doi.org/10.1542/peds.112.3.548
https://doi.org/10.1542/peds.112.3.548
http://www.ncbi.nlm.nih.gov/pubmed/12949282
http://www.ncbi.nlm.nih.gov/pubmed/12949282


32. Resch B, Resch E, Müller W (2013) Should respiratory care in
preterm infants include prophylaxis against respiratory syncytial
virus infection? The case in favour. Paediatr Respir Rev 14(2):
130–136. https://doi.org/10.1016/j.prrv.2012.12.005

33. Rietveld E, De Jonge HCC, Polder JJ et al (2004) Anticipated costs
of hospitalization for respiratory syncytial virus infection in young
children at risk. Pediatr Infect Dis J 23(6):523–529. https://doi.org/
10.1097/01.inf.0000129690.35341.8d http://www.ncbi.nlm.nih.
gov/pubmed/15194833. Accessed May 2, 2017

34. Sampalis JS (2003) Morbidity and mortality after RSV-associated
hospitalizations among premature Canadian infants. J Pediatr 143(5
Suppl):S150–S156 http://www.ncbi.nlm.nih.gov/pubmed/
14615714. Accessed May 2, 2017

35. Shankar MB, Staples JE, Meltzer MI, Fischer M (2017) Cost effec-
tiveness of a targeted age-based West Nile virus vaccination pro-
gram. Vaccine 35(23):3143–3151. https://doi.org/10.1016/j.
vaccine.2016.11.078

36. Simon A, Ammann RA, Wilkesmann A, Eis-Hübinger AM,
Schildgen O, Weimann E, Peltner HU, Seiffert P, Süss-Grafeo A,
Groothuis JR, Liese J, Pallacks R,Müller A, DSMRSVPaed Study
Group (2007) Respiratory syncytial virus infection in 406 hospital-
ized premature infants: results from a prospective German
multicentre database. Eur J Pediatr 166(12):1273–1283. https://
doi.org/10.1007/s00431-007-0426-y

37. Smyth RL, Openshaw PJ (2006) Bronchiolitis. Lancet 368(9532):
312–322. https://doi.org/10.1016/S0140-6736(06)69077-6

38. Stein RT, Bont LJ, Zar H, Polack FP, Park C, Claxton A, Borok G,
Butylkova Y, Wegzyn C (2017) Respiratory syncytial virus hospi-
talization and mortality: systematic review and meta-analysis.
Pediatr Pulmonol 52(4):556–569. https://doi.org/10.1002/ppul.
23570

39. The IMpact-RSV Study Group (1998) Palivizumab, a humanized
respiratory syncytial virus monoclonal antibody, reduces hospitali-
zation from respiratory syncytial virus infection in high-risk infants.
Pediatrics 102(3 Pt 1):531–537. https://doi.org/10.1542/peds.102.3.
531 http://www.ncbi.nlm.nih.gov/pubmed/9738173. Accessed
May 2, 2017

40. Utrecht Centre for Affordable Biotherapeutics. https://www.uu.nl/
en/organisation/utrecht-centre-of-excellence-for-affordable-
biotherapeutics/projects/biosimilar-palivizumab

41. van Eijsden P (2015) BMJ 351:h6778. https://doi.org/10.1136/bmj.
h6778

42. van Giessen A, Peters J, Wilcher B, Hyde C, Moons C, de Wit A,
Koffijberg E (2017) Systematic review of health economic impact
evaluations of risk prediction models: stop developing, start evalu-
ating. Value Health 20(4):718–726. https://doi.org/10.1016/j.jval.
2017.01.001

43. Wang D, Bayliss S, Meads C (2011) Palivizumab for
immunoprophylaxis of respiratory syncytial virus (RSV) bronchi-
olitis in high-risk infants and young children: a systematic review
and additional economic modelling of subgroup analyses. Health
Technol Assess 15(5):iii–iiv, 1-124. https://doi.org/10.3310/
hta15050

144 Eur J Pediatr (2018) 177:133–144

https://doi.org/10.1016/j.prrv.2012.12.005
https://doi.org/10.1097/01.inf.0000129690.35341.8d
https://doi.org/10.1097/01.inf.0000129690.35341.8d
http://www.ncbi.nlm.nih.gov/pubmed/15194833
http://www.ncbi.nlm.nih.gov/pubmed/15194833
http://www.ncbi.nlm.nih.gov/pubmed/14615714
http://www.ncbi.nlm.nih.gov/pubmed/14615714
https://doi.org/10.1016/j.vaccine.2016.11.078
https://doi.org/10.1016/j.vaccine.2016.11.078
https://doi.org/10.1007/s00431-007-0426-y
https://doi.org/10.1007/s00431-007-0426-y
https://doi.org/10.1016/S0140-6736(06)69077-6
https://doi.org/10.1002/ppul.23570
https://doi.org/10.1002/ppul.23570
https://doi.org/10.1542/peds.102.3.531
https://doi.org/10.1542/peds.102.3.531
http://www.ncbi.nlm.nih.gov/pubmed/9738173
https://www.uu.nl/en/organisation/utrecht-centre-of-excellence-for-affordable-biotherapeutics/projects/biosimilar-palivizumab
https://www.uu.nl/en/organisation/utrecht-centre-of-excellence-for-affordable-biotherapeutics/projects/biosimilar-palivizumab
https://www.uu.nl/en/organisation/utrecht-centre-of-excellence-for-affordable-biotherapeutics/projects/biosimilar-palivizumab
https://doi.org/10.1136/bmj.h6778
https://doi.org/10.1136/bmj.h6778
https://doi.org/10.1016/j.jval.2017.01.001
https://doi.org/10.1016/j.jval.2017.01.001
https://doi.org/10.3310/hta15050
https://doi.org/10.3310/hta15050

	Cost-effectiveness of rule-based immunoprophylaxis against respiratory syncytial virus infections in preterm infants
	Abstract
	Introduction
	Methods
	Model
	Participants and randomization
	Probabilities and clinical data
	Follow-up
	Measurement of effectiveness
	High-risk group identification
	Cost estimates
	Health outcomes
	Sensitivity analyses
	Threshold analyses

	Results
	Participants
	Costs, health outcomes and cost-effectiveness
	Sensitivity analyses
	Threshold analysis

	Discussion
	Conclusion
	References


