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Prospective cohort studies show that Down’s syndrome (DS) is an independent risk factor for hospitalization for RSV bronchiolitis.
It is unknown whether this observation has been translated into specific management for DS children. The primary goal was to
assess the knowledge of healthcare providers in the European Union about RSV infection in DS children and to determine whether
it influenced the implementation of prophylaxis. DS caregivers were surveyed using a standardized questionnaire, and country-
specific guidelines were obtained. Fifty-three caregivers participated. Thirty-nine (86.7%) had knowledge of the increased risk of
severe RSV infection in DS children, and 30 (71.4%) graded that it was important to have a statement on the use of RSV prophylaxis
in existing guidelines. Twenty-eight participants had a local DS guideline; hard copies of twelve unique guidelines were obtained.
Only one (8.3%) contained a statement on RSV prophylaxis for DS, and five considered such a statement for the next version.
Conclusion. Most pediatricians had knowledge that DS children have an increased risk of severe RSV infection. Despite the lack of
a specific RSV prophylaxis trial in DS, they felt that a statement on RSV prophylaxis in DS guidelines was important, but this was
rarely present in current guidelines.

1. Introduction

Children with Down’s syndrome (DS) suffer more often and
more severely from respiratory tract infections. Respiratory
syncytial virus (RSV) is a common virus that everybody
encounters, which can cause severe infection in high-risk
infants. In 2007, studies showed that DS itself is an indepen-
dent risk factor for severe RSV infection and hospitalization
(OR 12.6) [1]. This was confirmed in 2009 and in 2012 [2, 3].
In addition, children with DS have a significantly longer
length of hospital stay [4, 5]; they require more frequent
mechanical ventilation [4, 5] and sustain a higher mortality
rate [5]. RSV cannot be cured and can only be prevented. RSV
management includes education of parents on how to prevent
infection, the implementation of good hand hygiene, and/or
the monthly administration of palivizumab (a monoclonal

antibody against the RSV-F protein) during the RSV season
[6]. This humanized monoclonal antibody neutralizes the
virus as it binds to the antigenic site of the F-fusion protein
of RSV. The fusion protein neutralized both RSV serotypes
A and B. Palivizumab has become the mainstay for infants
with other risk factors for severe RSV bronchiolitis, such as
congenital heart disease, chronic lung disease, and prema-
turity. In those infants, palivizumab has proven to reduce
hospitalization rates by 39%–78% [7]. In these populations,
the adoption of RSV prophylaxis varies from 25%–100% [8].

The routine use of prophylaxis for children with DS
who have additional risk factors for RSV hospitalization
is unknown. In addition, it is not known whether the
recent knowledge regarding the higher risk of severe RSV
bronchiolitis in childrenwithDS has influenced the approach
to RSV prophylaxis. In order to determine whether the
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emerging scientific evidence has impacted RSV prophylaxis
in DS infants, both direct and indirect influences merit
investigation. An indirect influence is defined as any change
in knowledge, awareness, or attitude. Direct influence is any
change in behavior, which can include changes in clinical
practice, both observed and self-reported. The primary goal
of this study was to assess the knowledge of healthcare
providers in the European Union (EU) about RSV infection
in DS children with and without additional risk factors and
to determine whether it has influenced the implementation
of RSV prophylaxis.The information will hopefully provide a
solid foundation for future research on this topic.

2. Materials and Methods

2.1. Questionnaire for DS Caregivers. Of the 27 countries
in the EU, 25 with more than 1 million inhabitants were
selected. Included countries were the following: Austria,
Belgium, Bulgaria, Cyprus, the Czech Republic, Denmark,
Estonia, Finland, France,Germany,Greece,Hungary, Ireland,
Italy, Latvia, Lithuania, The Netherlands, Poland, Portugal,
Romania, Slovakia, Slovenia, Spain, Sweden, and the United
Kingdom.The target number of participants per country was
based on the estimated number of children with DS in that
particular country. The estimated number of pediatricians
needed in the EU was 68. The sample size was derived based
on the combined total of the estimate per country using the
population, the birth rate, and the incidence of DS (Table 1).

Local DS patient organizations in the included countries
were asked to provide contact information of pediatricians to
participate in the questionnaire. Additional participants were
recruited using snowballing (every participant was asked to
provide the contact details of two pediatricians specialized in
the care of infants with DS). If this resulted in insufficient
participations, more potential participants were identified,
first, by conductingweb-based searches for pediatricians who
published articles on DS, RSV, or general pediatric topics and
for location for DS clinics preferentially and large hospitals
and second, by asking contacts in the countries to identify
potential participants. Contact was made using standardized
call scripts and electronic mails. Participation was voluntary
and non-anonymous.

Indirect knowledge was defined as the percentage of DS
caregivers that responded affirmatively to the question “Were
you aware that RSV bronchiolitis occurs more often in chil-
dren with Down’s syndrome?” The attitude of DS caregivers
regarding the implementation of RSV prophylaxis was deter-
mined using a Likert scale that ranged from “very important”
(A) to “I do not know” (F) by asking the respective individuals
how they felt about the inclusion of a statement on RSV
prophylaxis in DS in current guidelines issued by country-
specific pediatric advisory bodies.The percentage of DS care-
givers answering “very important” was considered a positive
attitude. Participants were asked whether they have a local
DS guideline, whether this guideline contains a statement on
RSV management, and, if not, whether such a statement is
being considered for the next version of the guideline. When
therewas a statement in the guideline about RSVprophylaxis,
participants were asked whether and how prophylaxis is

reimbursed. Participants were asked which children with DS
qualify for RSV prophylaxis locally and whether risk factors
are included in the decision to administer RSV prophylaxis.
In addition, all participants were asked to provide an esti-
mation of the percentage of children with DS in different
subgroups receiving RSV prophylaxis. The familiarity with
DS was assessed by asking the participants to estimate the
number of children with DS they take care of every month,
the incidence of DS in their country and the RSV hospital-
ization rate for the different subgroups of children with DS.

2.2. Down’s Syndrome Guidelines. Direct knowledge was
defined as the percentage of existing guidelines with a
statement on RSV prophylaxis. The local guidelines were
obtained via pediatricians, DS patient organizations, and
websites. In the obtained local DS guidelines, we evaluated
whether the guideline contained the word RSV and the word
palivizumab or Synagis or monoclonal antibody. We assessed
whether the guideline stated that RSV infection is found
more often in children with DS and whether the guideline
stated that children with DS suffer more severely from
RSV infections. We also determined whether the guideline
contained a statement on which subgroups of children with
DS should receive RSV prophylaxis. Statements were assessed
for clarity and the availability of supporting information
about RSV infections in children with DS.

2.3. Statistical Analysis. A database was set up in Excel and
SPSS 20. Characteristics of the participants and the outcomes
were summarized, and results were analyzed using frequen-
cies and proportions. The indirect influence of attitude is
portrayed as a radar figure which shows the proportion of
the different opinions relative to each other. An overview of
the results for the direct influence of existing knowledge is
provided in a heat map. Results were analyzed using the Chi-
square test or ANOVA where appropriate. Significance was
set at a 𝑃 value of ≤0.05. Participants with missing data were
excluded from analyses involving the respective variable.

3. Results

3.1. Questionnaire for DS Caregivers. The participation rate
was 77.9% (53/68; Table 1). There were no participants from
Latvia, Bulgaria, and Cyprus. Eight participants (15.1%) were
linked to a DS patient organization. Most participants were
pediatricians (𝑛 = 41; 78.8%), twoparticipantswere not in the
medical field (3.8%), and two were nurses.Themean number
of children with DS regularly taken care of within the local
hospitals was 171 (SD 288, range 0–1200).

All participants had knowledge of RSV bronchiolitis, six
(13.3%) were not aware of the increased risk in DS patients,
and the majority (𝑛 = 39, 86.7%) were aware that RSV
bronchiolitis occurs more often in children with DS (Figure
1). The source of this knowledge was almost always the
scientific literature (𝑛 = 32; 82.1%). Data were not available
from eight participants. The majority (𝑛 = 30, 71.4%) of
participants reported that a statement on RSV prophylaxis
in DS guidelines is important or very important, whereas
only three (7.1%) reported this to be unimportant; seven
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Table 1: Number of pediatricians needed in the European Union.

Country Population1 Birth rate 20112 Incidence DS3 Participations
Austria 8.2 9 15,66 1
Belgium 10.4 10 16 3
Bulgaria 7.1 9 12,29 0
Cyprus 1.1 0∗ 17,12∗∗ 0
The Czech Republic 10.2 9 18,94 1
Denmark 5.6 10 16,92 2
Estonia 1.3 10 17,12∗∗ 1
Finland 5.3 10 24,53 2
France 65.3 12 29,42 7
Germany 81.5 8 26,31 6
Greece 10.8 9 17,12∗∗ 1
Hungary 9.9 10 13,32 1
Ireland 4.7 16 26,82 3
Italy 61.0 9 16,28 5
Latvia 2.2 10 17,12∗∗ 0
Lithuania 3.5 9 17,12∗∗ 1
The Netherlands 16.8 10 15,19 1
Poland 38.4 10 15,06 0
Portugal 10.8 10 7,61 4
Romania 21.9 10 17,12∗∗ 1
Slovakia 5.5 10 17,12∗∗ 1
Slovenia 2.0 9 17,12∗∗ 1
Spain 46.8 11 27,2 2
Sweden 9.1 10 29,3 2
The United Kingdom 62.9 12 28,09 7
Total 53
1
Population in millions (http://www.europa-nu.nl/).
2Births per 1000 populations (http://www.indexmundi.com/).
3Incidence per 10.000 births based on average prevalence measured between 1980 and 2009 (http://www.eurocat-network.eu/).
∗Birth rate in Cyprus is not published.
∗∗DS incidence is not published; average of all in the database was utilized.

participants were neutral (16.7%), and one participant did not
know whether such a statement was relevant (2.4%) (Figure
2). Twelve participants did not provide responses to this
question.

Five participants (11.1%) stated that they have a local DS
guideline with a statement on RSV prophylaxis, and accord-
ing to five participants such a statement is being considered
for the next version of the guideline. Three participants
responded that they never use palivizumab for children with
DS (5.6%), and two used palivizumab for all children with
DS (3.8%). Thirty one (58.5%) and 25 (47.2%) of the par-
ticipants supported the implementation of RSV prophylaxis
in DS patients with congenital heart disease or prematurity,
respectively. Participants responded most commonly that DS
children with CHD and those born prematurely (<32-week
gestational age) received RSV prophylaxis regularly (defined
as>10% receiving prophylaxis) (𝑛 = 21, 39.6%; 𝑛 = 18, 34.0%;
Figure 4). Preventative hygiene and education is promoted by
only 11 (20.8%) of the participants.

3.2. DS Guidelines. Not all guidelines were obtained, mostly
because the guideline was not available or not in English. A
copy was obtained of twelve unique guidelines. Guidelines
were obtained from Belgium, Germany, Ireland, and The
Netherlands, and two distinct ones were obtained from the
group representing Italy, Spain, the United Kingdom, and
Portugal. The guidelines and publication dates varied from
2001 to 2011. The presence of a DS statement was confirmed
in only one guideline (The Netherlands’; Figure 3); this was
also the only guideline that contained the words RSV and
palivizumab or Synagis or monoclonal antibody.

3.3. Factors Associated with Implementation. Participants in
the questionnaire were asked to provide their best estimate
of the incidence of RSV hospitalization. Hospitalization rates
did not significantly influence implementation of a guideline
for RSVprophylaxis. An estimated incidence ofDSof >1 : 800
live births was arbitrarily considered a high incidence of
DS. A high incidence of DS was associated with having
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74%

B: no
11%
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15%

Figure 1: Responses to the following question: Were you aware that
RSV bronchiolitis is found more often in children with DS? (A)
indicates the answer yes, I was aware. (B) indicates the answer no, but
I have heard of the disease. (Missing data) indicates the percentage
of participants who did not answer this question.

Missing data

Very unimportant

UnimportantNeutral

Important

Very important I do not know

Figure 2: Responses to the following question: How do you feel
about a statement on RSV palivizumab use in guidelines/protocols
for management of children with DS? The responses are shown in
relation to each other.

a DS guideline (𝑛 = 5, 83.8% compared with 𝑛 = 22,
59.5%).

4. Discussion

Children with Down’s syndrome have a very high risk of
severe RSV bronchiolitis. Implementation of this knowledge
in the care for these children, however, is unknown.We found
a statement on the use of RSV prophylaxis in only one (8.3%)
of the twelve guidelines. According to five DS caregivers who

No statement
Statement
No data

No guideline
No participants

Figure 3: RSV statement in guidelines. Heat map according to the
responses in the questionnaire about the presence of a guideline and
the presence of a statement in the guideline.

participated in the questionnaire, such a statement on the use
of RSV prophylaxis is being considered for the next version
of the local guideline. Overall, there was a high awareness
of the increased risk of RSV infection for children with DS
amongDS caregivers, and themajority of participants felt that
a statement onRSVprophylaxis inDSmedical guidelines was
very important.

This is the first study to investigate the breadth of knowl-
edge regarding RSV infection amongDS healthcare providers
and the impact of their knowledge on the implementation
of RSV-specific prophylaxis in the countries of the European
Union. In this survey, only 2 to 21 (3.8%–39.6%) of the
participants estimated that RSV prophylaxis is given regularly
to children with DS for a defined indication. The lower rate
of prophylaxis might explain why the hospitalization rate is
estimated higher, most commonly >10%, compared with the
expected rate of 1%-2% with palivizumab use. The gauged
hospitalization rate by the caregivers for healthy DS children
closely aligns with the literature with 5%–10% being the most
common answer. Paes et al. [9] observed a 4-fold propor-
tional increase, from 2006–2010, in the number of patients
receiving palivizumab for off-label underlying medical dis-
orders of which the largest increase was evidenced in the
DS group that comprised 20.3% of the entire cohort [9].
Although the study did not distinguish DS infants with or
without risk factors, more recently Zachariah et al. confirmed
that DS infants independent of risk factors are at higher risk
for hospitalization following RSV lower respiratory tract ill-
ness [3]. Our study also shows that palivizumab is being used
“off-label” in the EU for children with DS without additional
risk factors. Two (3.8%) of the participants estimated that
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Figure 4: Answers to the following question: Can you give an
estimation of the percentage of children in your country/state
receiving RSV prophylaxis among the following groups? Answer
options are given as follows: I do not know, almost never (0%–
5%), rarely (5%–10%), regularly (>10%);<32weeks: childrenwithDS
born prematurely gestational age <32 weeks (missing data: 𝑛 = 10,
18.9%); <35 weeks: children with DS born prematurely gestational
age<35weeks (missing data: 𝑛 = 12, 22.6%), CHD: childrenwithDS
and congenital heart disease (missing data: 𝑛 = 10, 18.9%); healthy:
otherwise healthy children with DS (missing data: 𝑛 = 12, 22.6%).

>10% of the healthy children with DS receive RSV prophy-
laxis.

Principles governing the lack of a specific RSV manage-
ment guideline for childrenwithDS (direct influence) cannot
be determined from this research.Anderson et al. determined
that lack of understanding of the severity of RSV infection is a
major obstacle for successful implementation of RSV prophy-
laxis [10]. In our study, the participants did show an awareness
of the increased risk of severe RSV infection in children with
DS. Since the indirect influence appears positive and indirect
and direct influences are not significantly associated, addi-
tional factors must impact the implementation of prophyl-
axis. One factor may be patient agreement to receive pro-
phylaxis and ongoing commitment to complete the course of
injections throughout the RSV season. Compliance with pali-
vizumab is improved with home-based administration com-
pared with office-based administration [8]. Anderson et al.
[10] also identified that pediatricians wanted more educa-
tional materials about RSV disease for both personal and
family edification and felt that parent reminders might
improve compliance and the implementation of a successful
program.Warren et al. [11] optimized RSV prophylaxis using
a provincial approval system and reached 100% of eligible
children with congenital heart disease. Our research does
not address potential patient factors impairing the imple-
mentation of prophylaxis, and we did not investigate how
cost of the monoclonal antibody may impede the adoption
of prophylaxis across the EU.

Strengths and limitations of this study merit further dis-
cussion. First, conducting a patient-based study to determine
reasons that may govern the implementation of prophylaxis
was not feasible. Second, a nonvalidated questionnaire was
used. Third, the proportion of valid responses in the ques-
tionnaire was lower for participants with an RSV statement in
their local guideline. Fourth, not all available guidelines were
collected, and proportionally more English than non-English
guidelines were obtained. However, participants from 22
different countries took part in this research. Fifth, both the
direct and the indirect influences have been addressed using
the questionnaires and complementary local guidelines. Sev-
eral questions had a considerable proportion of missing data.
Although this is a methodological limitation, it also provides
additional information regarding which questions were most
difficult to answer.

RSV bronchiolitis is a major health issue in children
with Down’s syndrome, as it accounts for 17.6% [5] of all DS
admissions to hospital (compared with 7%–9% overall [12]).
The incidence of hospitalization for RSV infection in child-
ren with DS in large cohorts is 9.9%–17.6% [1, 5], which is
higher than the hospitalization rate (1%) in the normal popu-
lation.Moreover, it has recently been shown that palivizumab
treatment reduces the wheezing days in otherwise healthy-
late preterm infants [13]. This might be of particular interest
for children with DS, as they have an increased risk of recur-
rent wheezing, although the role of RSV in recurrent wheez-
ing in DS is not yet established [14].

Despite this knowledge, RSV management has not been
integrated into the care of children with DS. The results of
this study can be considered a baseline for future research
on this topic. The results may be instrumental in designing
and implementing a prophylaxis program aiming to improve
the care of children with DS through the prevention of RSV
bronchiolitis.

Five years after the first publication on the risk of severe
RSV bronchiolitis in children with DS, the majority of the
participating DS caregivers in the EU are aware of the
increased risk of severe RSV bronchiolitis for children with
DS. Despite the absence of a randomized placebo-controlled
trial, in general the implementation of specific RSV man-
agement for this group was deemed to be very important.
Nevertheless, virtually no guidelines in the EU have a state-
ment on the management of RSV bronchiolitis in this high-
risk population.

Abbreviations

DS: Down’s syndrome
EU: European Union
RSV: Respiratory syncytial virus.
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