
Review Article
Effectiveness of Palivizumab in Preventing RSV Hospitalization
in High Risk Children: A Real-World Perspective

Nusrat Homaira,1 William Rawlinson,2,3,4 Thomas L. Snelling,5 and Adam Jaffe1

1Disciplines of Paediatrics, School of Women’s and Children’s Health, UNSW, Sydney Children’s Hospital, Level 3,
Emergency Wing, Randwick, Sydney, NSW 2031, Australia
2Virology Division, SEALS Microbiology, Prince of Wales Hospital, Randwick, Sydney, NSW 2031, Australia
3School of Medical Sciences, UNSW, Sydney, NSW, Australia
4Biotechnology and Biomolecular Sciences, UNSW, Sydney, NSW, Australia
5Telethon Kids Institute, University of Western Australia, 100 Roberts Road, Subiaco, WA 6009, Australia

Correspondence should be addressed to Nusrat Homaira; z3442406@student.unsw.edu.au

Received 1 September 2014; Revised 15 October 2014; Accepted 15 October 2014; Published 4 December 2014

Academic Editor: Hans Juergen Laws

Copyright © 2014 Nusrat Homaira et al.This is an open access article distributed under theCreativeCommonsAttribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Infection with respiratory syncytial virus (RSV) is one of the major causes globally of childhood respiratory morbidity and
hospitalization. Palivizumab, a humanized monoclonal antibody, has been recommended for high risk infants to prevent severe
RSV-associated respiratory illness.This recommendation is based on evidence of efficacy when used under clinical trial conditions.
However the real-world effectiveness of palivizumab outside of clinical trials among different patient populations is not well
established. We performed a systematic review focusing on postlicensure observational studies of the protective effect of
palivizumab prophylaxis for reducing RSV-associated hospitalizations in infants and children at high risk of severe infection. We
searched studies published in English between 1 January 1999 and August 2013 and identified 420 articles, of which 20 met the
inclusion criteria. This review supports the recommended use of palivizumab for reducing RSV-associated hospitalization rates in
premature infants born at gestational age < 33 weeks and in children with chronic lung and heart diseases. Data are limited to allow
commenting on the protective effect of palivizumab among other high risk children, including those with Down syndrome, cystic
fibrosis, and haematological malignancy, indicating further research is warranted in these groups.

1. Introduction

Globally, respiratory syncytial virus (RSV) is one of the
major causes of childhood acute lower respiratory infection
(ALRI) associated morbidity, hospitalization, and mortality.
In 2005, there were an estimated 3.4 (95% CI 2.8–4.3)
million episodes of severe RSV-associated childhood ALRIs
necessitating hospital admission [1].The risk of RSV infection
is highest in children born prematurely or those with exist-
ing comorbidities including bronchopulmonary dysplasia/
chronic lung disease (BPD/CLD), congenital heart disease
(CHD), cystic fibrosis (CF), multiple congenital anomalies,
and immunodeficiency [2–4].

The reported RSV hospitalization rate in premature
infants ranges between 5.2% and 16.8% [5–8]. RSV hospital-
ization of high risk infants and children is associated with

significant health care resource utilization and monetary
costs [9, 10]. A high proportion of high risk infants and
children hospitalized with RSV infection require admission
to an intensive care unit and mechanical ventilation [11]. In
the United States it has been estimated that the annual cost of
hospitalization for RSV pneumonia in children aged <4 years
is approximately $US3 to 4 million [12]. There are additional
costs associated with outpatient visits, follow-up, and lost
productivity due to parents taking time off work to care for
sick children [10].

These factors make prevention of RSV infection a global
public health priority, although no active vaccination strategy
is yet available. Palivizumab, a humanized monoclonal anti-
RSV antibody, was shown to reduce hospitalizations and the
clinical severity of RSV infection in high risk infants and chil-
dren by 55% in a randomised controlled trial [3].The updated
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recommendation of the American Academy of Pediatrics
(AAP) recommends prophylactic use of palivizumab for
children with chronic lung disease of prematurity, congenital
heart disease, or other chronic illnesses and for children
born at gestational age (GA) less than 29 weeks [13]. The
AAP recommends that eligible children should receive no
more than five monthly doses of palivizumab [13]. Though
guidelines for use of palivizumab for children born with
chronic illness are similar across the developed countries, the
cut-off gestational age for premature infants varies widely.
New Zealand’s recommendation is for use in premature
infants born at GA ≤ 28 weeks, infants discharged home on
oxygen, or those born at GA 29–32weeks with birth weight of
1000 g or less [14].The cut-off for GA is <26 weeks in Sweden
[15]. Recommendations from Australia and Canada include
children born up to 32–35weekswith two ormore risk factors
associatedwith RSV infection [16, 17]. Currently, palivizumab
is not routinely recommended for use in children with
immune deficiencies, Down syndrome, cystic fibrosis, upper
airway obstruction, or other chronic lung diseases.

The cost of a single course of palivizumab is estimated
to be as much as $ US4458 per child [18]. Due to its high
cost and limited evidence of cost-effectiveness [19], the use of
palivizumab is restricted even in well-resourced settings.The
cost-effectiveness of palivizumab is largely dependent on its
effectiveness across specific subgroups of high risk children.

Several systematic reviews have demonstrated the effec-
tiveness of palivizumab in reducing the subsequent hospi-
talization rates in high risk children. These reviews have
concluded that palivizumab is effective in reducing RSV
hospitalization rates by >40% in premature infants and high
risk children. However most of these reviews have included
efficacy trials conducted under strict controlled environment
[20–22].While randomised trials provide high level evidence
of the efficacy of an intervention under idealised conditions,
postlicensure observational studies assess the “real-world”
value of an intervention under more realistic conditions,
where eligibility criteria are less rigidly applied and dosesmay
be delayed or omitted [23]. The objective of this narrative
systematic review was to identify which high risk infants and
children have been proven to benefit most from palivizumab
prophylaxis under real-world practice settings, to identify
gaps in existing knowledge, and to provide recommendations
for future research.

2. Methods

2.1. Selection Criteria for the Studies

2.1.1. Study Type. Only full-length peer-reviewed observa-
tional studies (cohort, case-control, and cross-sectional stud-
ies including survey) published in English were included in
the review. As the first randomised trial was published in
September 1998 [3], we included studies that were published
between January 1999 and August 2013. We excluded confer-
ence proceedings, review articles, or editorial reports.We also
excluded clinical trial data as we were interested only in the
“real-world” effectiveness of palivizumab.

2.1.2. Study Participants. Study participants were high risk
infants and children aged <2 years, including premature
infants (GA < 37 weeks) and children with any chronic con-
genital conditions that may put them at risk of severe RSV
disease.

2.1.3. Outcome Measure. As the primary interest for this
review was the incidence/rate of RSV hospitalization as a
measure of prevention of severe RSV disease by immuno-
prophylaxis with palivizumab, only studies that examined the
effect of palivizumab on subsequent RSVhospitalizationwere
included.

2.2. Identification of the Studies. We conducted a comprehen-
sive MEDLINE search using the MESH terms “respiratory
syncytial virus and primary prevention/immunization,” “res-
piratory syncytial virus and secondary prevention,” “respira-
tory syncytial virus and antibodies, monoclonal/or antibod-
ies, monoclonal, humanized/,” “respiratory syncytial virus
and hospitalization,” “respiratory syncytial virus and antivi-
ral,” “respiratory syncytial virus and passive immunization,”
“respiratory syncytial virus and palivizumab,” and “respi-
ratory syncytial virus and child.” Secondary searches were
performed using EMBASE, CINHAL, and Global Health
databases using the same keywords. Additional literature
was identified by searching the citation list of the identified
articles. We also looked for relevant literature using Google
Scholar. All the searched results were merged into one single
document and all duplicates were removed using Endnote.
Once duplicates were removed, we examined the title and the
abstract of the literature to exclude articles that did not meet
our inclusion criteria. The full length of the relevant articles
was retrieved and examined to further determine if they met
inclusion criteria.

Each full-length article was reviewed by one researcher
(NH) and the summary information extracted using a stan-
dardised form following the PRISMAguideline [24].The data
extracted for each article were author, year, and country of
publication, time frameof the study, study population, sample
size, intervention strategy, dosing regimen, study outcomes,
and conclusion. The investigator then shared the abstracted
summary form with all other investigators for their review
and consensus.

3. Results

The initial search identified 420 articles (Figure 1). After
removing studies that did not meet our inclusion criteria,
20 studies were included: 12 were cohort studies, 7 were
record reviews, and one was a questionnaire-based survey.
The included studies were conducted in the USA, Canada,
Australia, Japan, Korea, and Europe (Figure 2).

3.1. Effectiveness of Palivizumab for Preventing RSV-Associated
Hospitalization in Premature Infants (Table 1). Twelve papers
[23, 25–35] reported the effectiveness of palivizumab in
reducing RSV hospitalization in 89,469 premature infants
with or without CLD. Five studies included premature infants
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63 relevant citations remained 

111 relevant citations remained 

372 papers identified from database search

Citations excluded:
duplicate citations: 274
irrelevant citations: 35

48 papers identified from additional sources

Citations excluded:
35

reviews: 11
studies not published in English: 12

conference proceedings: 4
randomised clinical trials: 2

Detailed information evaluated (n = 47)

20 papers included in the final analyses

Citations excluded:
different outcome measures:10

different study population: 6
nonprophylaxed high risk infants: 7
different intervention strategies: 2

study on ethical issues around clinical trial: 1
prophylactic regimen:1

duplicate citations:

Figure 1: Flow diagram for selection of papers for the review.

Types of study

Cohort studies: 12
Record reviews: 7

Survey: 1

Study sites

USA: 9
Canada: 3

Australia: 1
Sweden: 1
Austria: 1
France: 2
Spain: 1
Japan: 1
Korea: 1

Study population

Observational studies on effectiveness of palivizumab in preventing
hospitalization in high risk infants and children (n = 20)

Premature infants with/without CLD: 15
Children with congenital heart disease

(HS-CHD): 2
Children with cystic fibrosis (CF): 2

Children with Down syndrome (DS): 1

Figure 2: Characteristics of the selected studies on effectiveness of palivizumab in reducingRSV-associated hospitalization in high risk infants
and children.

born at GA < 36 weeks with or without CLD [23, 26, 28,
34, 35], three studies included only very preterm infants
born at GA < 33 weeks [29–31], and four included only
premature infants with CLD [23, 25, 30, 34, 36]. Two included
studies compared differences in the rate of RSV hospi-
talization among prophylaxed and nonprophylaxed infants
over one RSV season [25, 29], five studies compared rates
in prophylaxed and nonprophylaxed groups over noncon-
temporaneous seasons [23, 26–28, 31], and in two studies
rates in prophylaxed infants were compared with rates in
nonprophylaxed infants from other published studies [33,
34].

Twoof the five studies [26, 28]which included any prema-
ture infant born at GA < 36 weeks reported a statistically sig-
nificant reduction (𝑃 < 0.05) in RSV hospitalization among

prophylaxed compared to nonprophylaxed infants (19–29%
rate reduction). Two of the remaining three studies [33, 34]
did not have a contemporaneous comparison group or com-
pared the rates to children fromother published studies [3, 8].
The remaining study [23] which included late preterm infants
(GA 33 to 35 weeks) reported a nonsignificant reduction of
0.6%. Some of the significant risk factors associated with
increased risk of RSV hospitalization in premature infants
born at GA ≤ 35 weeks included preterm births at GA < 31
weeks, intrauterine growth retardation, single mother family
[29], and having siblings at home, more than 5 individuals in
the household, and smokers at home [35].

In all of the identified studies which included infants
born at GA < 32 weeks, the rate of RSV hospitalization was
lower in infants who received palivizumab [27, 29–31, 34];
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the reported reduction ranged between 1.2% and 12.4% and
in 4 of 5 studies [23, 27, 29, 31] this reduction was statistically
significant. Seven of eight studies [23, 25–27, 30, 33, 34, 36]
that included premature infants with chronic lung disease
reported a statistically significant reduction in children who
received palivizumab compared to those who did not; the
reduction varied between 0.5 and 29%.

3.2. Effectiveness of Palivizumab in Preventing RSV-Associated
Hospitalization in Children with Hemodynamically Significant
Congenital Heart Disease (HS-CHD) (Table 2). One study
based on hospital record review [37] investigated the effect
of palivizumab among 266 children aged <2 years with CHD
(Table 2). Rates of RSV hospitalization in prophylaxed chil-
dren were 19% lower than for nonprophylaxed infants from a
different RSV season. The authors concluded the reduction
was modest compared to the effect demonstrated in the
multinational trial that investigated palivizumab in children
with CHD [38] and recommended further assessment of the
real-world benefit of palivizumab in this group of children.

3.3. Effectiveness of Palivizumab in Preventing RSV-Associated
Hospitalization in Children with Cystic Fibrosis (CF) (Table 2).
Two studies included 2966 children with cystic fibrosis [39,
40]. One study compared RSV-associated hospitalization
rates between prophylaxed and nonprophylaxed children
during the same RSV season, reporting a nonsignificant
reduction of 0.2% in the prophylaxed group. A retrospective
record review of children with CF listed on a hospital based
palivizumab registry reported significantly lower odds of
RSV hospitalization in prophylaxed children compared to the
reported risk from other published studies.

3.4. Effectiveness of Palivizumab in Preventing RSV-Associated
Hospitalization in Children with Down Syndrome (Table 2).
One study used data from the Canadian Registry of Palivi-
zumab to compare the rate of RSV hospitalization among
600 children with Down syndrome who received prophy-
laxis with that of 12,710 children without Down syndrome
who received palivizumab [41]. The hospitalization rate in
children with Down syndrome (1.53%) was similar to that of
other children receiving palivizumab (1.45%).

3.5. Association between Dosing of Palivizumab and RSV-
Associated Hospitalization (Table 3). The number of Palivi-
zumab doses per child in each RSV season varied between
the included studies.Three studies [34, 37, 42, 43] reported an
association between the number of doses of palivizumab and
the subsequent RSV-associated hospitalization rate in 4,372
children. Palivizumab registry review showed that missed or
delayed dosing of palivizumab was associated with statis-
tically significant increase in hospitalization rate in infants
who missed or delayed a dose compared to those who were
compliant with the scheduled dosing regimen of palivizumab
(4.4% versus 2.4%; 𝑃 = 0.02) [34]. A cohort study [43]
that included premature infants of GA 29 to 32 weeks
also reported a lower RSV hospitalization rate in children
prophylaxed according to the standard recommendation of

5 doses, compared with the rate in children who received
inadequate prophylaxis, that is, children who did not receive
the recommended five full doses (3.3% versus 8.1%, 𝑃 =
0.07). Another cohort study [37] among children with HS-
CHD reported a reduction in RSV hospitalizations from
7–9 cases/year when children received palivizumab ad hoc
to 2-3 cases/per year when prophylaxis was administered
systematically and in accordance with recommendations
(𝑃 = 0.03). One study [44] reported a lower incidence
of RSV hospitalization among 17,641 children who received
palivizumab at home (0.4%) compared to 1226 children who
received it in a clinic (1.2%) (𝑃 = 0.014).

4. Methodological Quality of the Studies

Weused theCochraneGRADEapproach to rate the quality of
the included studies [45]. The GRADE approach is probably
of most relevance for clinical trials as observational studies
are inherently prone to bias. However observational studies
can nonetheless be upgraded or downgraded based on
design, consistency, and precision of results, directness of
the evidence, risk of bias, and presence of confounders [45].
Two of the studies included in this review were downgraded
to a “very low” quality due to small sample size [25] and
lack of a contemporary comparison group [39] limiting the
external validity of the study findings. Due to directness of
evidence, precision, and comparability of the results, three
of the included studies were upgraded to a moderate quality
[23, 26, 27] while no other studies required downgrading.

5. Discussion

Palivizumab prophylaxis was first shown to reduce RSV-
associated hospitalization by 39–78% in premature infants
and in children with CLD/BPD in a multinational random-
ized controlled trial [3].This landmark trial was subsequently
followed by several postlicensure studies in various settings
which were included in this review. Our review of these
studies found that they also support protective effect of
palivizumab against RSV hospitalization among premature
infants and in children with CLD, although the size of benefit
across the studies was more modest than reported in the
clinical trial. Although we did identify studies that reported
statistically significant reduction of RSV hospitalization rates
among all premature infants with GA < 36 weeks [26, 28],
these studies did not stratify the effectiveness in children born
at GA 32–35 weeks with additional risk factors. This makes
the results inconclusive for premature infants born at GA 32–
35 weeks. The only study [23] that stratified by gestational
age did not find a significant reduction in hospitalization
rate in prophylaxed infants born at GA 33 to 35 weeks
without CLD. The review of the studies suggests that groups
of children who are likely to benefit most from palivizumab
prophylaxis are premature infants born at GA ≤ 32 weeks and
children with CLD. Though some international guidelines
recommend use of palivizumab in premature infants born at
GA < 29 weeks [13–15], highly resourced countries may also



8 International Journal of Pediatrics

Ta
bl
e
2:
St
ud

ie
so

n
eff
ec
tiv

en
es
so

fp
al
iv
iz
um

ab
in

re
du

ci
ng

RS
V-
as
so
ci
at
ed

ho
sp
ita

liz
at
io
n
in

ch
ild

re
n
w
ith

co
ng
en
ita

la
no

m
al
ie
s.

Au
th
or
,y
ea
r,

an
d
lo
ca
tio

n
St
ud

y
de
sig

n
Ti
m
el
in
e

St
ud

y
po

pu
lat
io
n

In
te
rv
en
tio

n
str

at
eg
y

Sa
m
pl
es

iz
e

RS
V
ho

sp
ita

liz
at
io
n

ra
te

C
on

clu
sio

n
Q
ua
lit
y
of

stu
dy

St
ud

ie
so

n
eff
ec
tiv

en
es
so

fp
al
iv
iz
um

ab
in

ch
ild

re
n
w
ith

he
m
od

yn
am

ic
al
ly
sig

ni
fic
an
tc
on

ge
ni
ta
lh

ea
rt
di
se
as
e(
H
S-
CH

D
)

(1
3)

Ch
an
g
an
d

Ch
en
,2
01
0,

U
SA

[3
2]

H
os
pi
ta
lr
ec
or
d

re
vi
ew

20
00
–2
00

6
Ch

ild
re
n
ag
ed
<
2

ye
ar
sw

ith
H
S-
CH

D

Pr
ep
al
iv
iz
um

ab
er
a

(2
00

0–
20
03
)

ve
rs
us

po
stp

al
iv
iz
um

ab
er
a(

20
04
–2
00

6)

26
6
ch
ild

re
n
w
ith

H
S-
CH

D

19
%
re
du

ct
io
n,

H
S-
CH

D
pa
tie

nt
s

co
m
pr
ise

d
of

0.
56
%
of

al
lR

SV
ho

sp
ita

liz
at
io
n
in

pr
ep
al
iv
iz
um

ab
er
a

an
d
0.
46

%
in

pa
liv
iz
um

ab
er
a

Re
qu

ire
sf
ur
th
er

in
ve
st
ig
at
io
n
of

co
st-

eff
ec
tiv

en
es
so

f
pa
liv
iz
um

ab
in

ch
ild

re
n
w
ith

H
S-
CH

D

Lo
w

St
ud

ie
so

n
eff
ec
tiv

en
es
so

fp
al
iv
iz
um

ab
in

ch
ild

re
n
w
ith

cy
st
ic
fib

ro
sis

(C
F)

(14
)W

in
te
rs
te
in

et
.a
l.,
20
13
,U

SA
[4
0]

C
oh

or
ts
tu
dy

19
99
–2
00

6
Ch

ild
re
n
<
2
ye
ar
s

w
ith

CF
N
o
pa
liv
iz
um

ab
ve
rs
us

pa
liv
iz
um

ab

N
on

pr
op

hy
la
xe
d

gr
ou

p:
57
5

Pr
op

hy
la
xe
d

gr
ou

p:
23
00

N
on

pr
op

hy
la
xe
d

gr
ou

p
=
4.
1

(2
.8
–6

.0
)/
10
00

se
as
on

m
on

th
s

Pr
op

hy
la
xe
d
gr
ou

p
=

2.
4
(0
.8
–6

.6
)/
10
00

se
as
on

m
on

th
s

Po
te
nt
ia
lb
en
efi
t

in
co
nc
lu
siv

e
Lo

w

(1
5)

Sp
ee
re

ta
l.,

20
08
,U

SA
[3
9]

Pa
liv
iz
um

ab
re
gi
str

y
re
vi
ew

20
00
–2
00

4
In
fa
nt
sa

nd
yo
un

g
ch
ild

re
n
w
ith

CF

N
o
pa
liv
iz
um

ab
in

hi
sto

ric
al
co
ho

rt
ve
rs
us

pa
liv
iz
um

ab
in

stu
dy

po
pu

lat
io
n

91

Si
gn

ifi
ca
nt

re
du

ct
io
n

in
ho

sp
ita

liz
at
io
n

(c
om

pa
re
d
to

Ab
m
an

et
al
.[
50
]:

od
ds

ra
tio

=
33
.0
7,

95
%
CI

=
1.8

44
–5
93
.2
,

𝑃
<
0
.0
0
0
4
;

A
rm

str
on

g
et
al
.[
51
]:

od
ds

ra
tio

,=
18
.6
7,

95
%
CI

=
1.0

48
–3
32
.6
,

𝑃
<
0
.0
0
4
2
)

Fu
rt
he
ri
nv
es
tig

at
io
n

fo
ru

se
fu
ln
es
so

fR
SV

in
ch
ild

re
n
w
ith

CF
Ve

ry
lo
w

St
ud

ie
so

n
eff
ec
tiv

en
es
so

fp
al
iv
iz
um

ab
in

ch
ild

re
n
w
ith

D
ow

n
sy
nd

ro
m
e(
D
S)

(1
6)

Pa
es

et
al
.,

20
13
,C

an
ad
a

[4
1]

Re
co
rd

re
vi
ew

of
th
ep

al
iv
iz
um

ab
re
gi
str

y
20
06
–2
01
2

H
ig
h
ris

k
in
fa
nt
s

re
ce
iv
in
g
at
le
as
t

on
ed

os
eo

f
pa
liv
iz
um

ab

Eff
ec
to

f
pa
liv
iz
um

ab
in

ch
ild

re
n
w
ith

D
S

co
m
pa
re
d
to

al
l

ot
he
rc

hi
ld
re
n

13
,31
0
ch
ild

re
n
of

w
hi
ch

60
0
w
er
e

w
ith

D
S

H
os
pi
ta
liz
at
io
n
ra
te

am
on

g
pr
op

hy
la
xe
d

D
S
ch
ild

re
n
w
as

1.5
3%

an
d
sim

ila
rt
o

ch
ild

re
n
w
ith

ot
he
r

st
an
da
rd

in
di
ca
tio

ns
(1
.4
5%

)

D
S
ch
ild

re
n
ag
ed
<
2

ye
ar
ss
ho

ul
d
be

co
ns
id
er
ed

ca
nd

id
at
es

fo
rp

al
iv
iz
um

ab

Lo
w



International Journal of Pediatrics 9

Ta
bl
e
3:
St
ud

ie
so

n
as
so
ci
at
io
n
be
tw
ee
n
pa
liv
iz
um

ab
do

sin
g
an
d
RS

V-
as
so
ci
at
ed

ho
sp
ita

liz
at
io
n.

Au
th
or
,y
ea
r,

an
d
lo
ca
tio

n
St
ud

y
de
sig

n
Ti
m
el
in
e

St
ud

y
po

pu
lat
io
n

In
te
rv
en
tio

n
str

at
eg
y

Sa
m
pl
es

iz
e

D
os
eo

fp
al
iv
iz
um

ab
RS

V
ho

sp
ita

liz
at
io
n

ra
te

C
on

clu
sio

n
Q
ua
lit
y

of
stu

dy

(1
7)

Fo
rg
el
et
al
.,

20
08
,U

SA
[4
4]

Pa
liv
iz
um

ab
ou

tc
om

e
re
gi
str

y
re
vi
ew

20
00
–

20
04

H
ig
h
ris

k
in
fa
nt
s

an
d
yo
un

g
ch
ild

re
n

el
ig
ib
le
fo
r

pa
liv
iz
um

ab

As
so
ci
at
io
n
be
tw
ee
n

ra
te
so

fR
SV

ho
sp
ita

liz
at
io
n
an
d

sit
eo

fp
al
iv
iz
um

ab
ad
m
in
ist
ra
tio

n

17
,6
41

in
cli
ni
c

se
tti
ng

an
d
12
26

in
ho

m
es

et
tin

g

88
%
in

ho
m
es

et
tin

g
an
d
81
%
in

cli
ni
c

se
tti
ng

re
ce
iv
ed

th
e

ap
pr
op

ria
te
nu

m
be
r

of
do

sin
g

Re
ce
iv
ed

pa
liv
iz
um

ab
at

ho
m
e:
0.
4%

(5
/12

26
)

Re
ce
iv
ed

pa
liv
iz
um

ab
in

cli
ni
c:
1.2

%
(2
07
/17

,6
41
)

(𝑃
=
0
.0
1
3
9
)

H
om

e
ad
m
in
ist
ra
tio

n
of

pa
liv
iz
um

ab
m
ay

be
pr
ef
er
re
d
fo
r

hi
gh

ris
k
in
fa
nt
sa

t
ris

k
of

RS
V

ho
sp
ita

liz
at
io
n

Lo
w

(1
8)

Pa
liv
iz
um

ab
O
ut
co
m
es

Re
gi
st
ry

St
ud

y
G
ro
up

,2
00
3,

U
SA

[3
4]

Re
co
rd

re
vi
ew

20
00
-2
00
1

A
ll
ch
ild

re
n
eli
gi
bl
e

fo
rp

al
iv
iz
um

ab
ac
co
rd
in
g
to

A
A
P

gu
id
el
in
es

[4
0]

Re
ce
iv
ed

at
le
as
to

ne
do

se
of

pa
liv
iz
um

ab
2,
04
9

1,6
38

of
2,
04
9
(8
0%

)
ch
ild

re
n
w
er
e

co
m
pl
ia
nt

w
ith

th
e

sc
he
du

le
d
do

sin
g
of

pa
liv
iz
um

ab
47
2
(2
3%

)o
f2
,0
49

in
fa
nt
sm

iss
ed

or
ha
d
ad

el
ay

in
re
ce
iv
in
g
an

in
je
ct
io
n

RS
V
ho

sp
ita

liz
at
io
n

sli
gh
tly

hi
gh

er
in

no
nc
om

pl
ia
nt

in
fa
nt
s(
3.
4%

ve
rs
us

2.
8%

,𝑃
=
0
.4
8
)

H
os
pi
ta
liz
at
io
n
ra
te

sig
ni
fic
an
tly

hi
gh

er
in

in
fa
nt
sw

ho
m
iss

ed
or

de
lay

ed
an

in
je
ct
io
n
(4
.4
%

ve
rs
us

2.
4%

)
(𝑃
=
0
.0
2
0
)

M
iss

ed
or

de
lay

ed
pa
liv
iz
um

ab
in
je
ct
io
ns

m
ay

in
cr
ea
se

th
e

in
ci
de
nc
eo

f
ho

sp
ita

liz
at
io
n

Lo
w

(1
9)

Re
sc
h
et
al
.,

20
06
,A

us
tr
ia

[4
3]

C
oh

or
ts
tu
dy

20
01
–2
00
3

Pr
em

at
ur
ei
nf
an
ts
of

G
A
29
–3
2
w
ee
ks

w
ith

an
d
w
ith

ou
t

BP
D

C
om

pa
ris

on
be
tw
ee
n
in
fa
nt
s

re
ce
iv
in
g
ad
eq
ua
te

do
sin

g
of

pa
liv
iz
um

ab
an
d

th
os
er

ec
ei
vi
ng

at
le
as
t1

do
se

of
pa
liv
iz
um

ab

23
8
ch
ild

re
n

re
ce
iv
ed

pa
liv
iz
um

ab

M
ea
n
nu

m
be
ro

f
in
je
ct
io
ns
/c
hi
ld

2.
5

±
1.6

Ad
eq
ua
te

pr
op

hy
la
xi
s:
3.
3%

In
ad
eq
ua
te

pr
op

hy
la
xi
s:
8.
1%

(𝑃
=
0
.0
7
)

M
iss

ed
or

de
lay

ed
pa
liv
iz
um

ab
in
je
ct
io
ns

m
ay

in
cr
ea
se

th
e

in
ci
de
nc
eo

f
ho

sp
ita

liz
at
io
n

Lo
w

(2
0)

Ch
ad
ha

et
al
.,
20
12
,

U
SA

[4
2]

C
oh

or
ts
tu
dy

20
05
–2
00

9
Pr
em

at
ur
ei
nf
an
ts

<
32

w
ee
k
G
A

Re
la
tio

n
be
tw
ee
n

di
ffe
re
nt

do
sin

g
ra
te

of
pa
liv
iz
um

ab
an
d

ho
sp
ita

la
dm

iss
io
n

19
65

in
fa
nt
s

0
do

se
s:
<
29

w
ee
k

G
A
=
42
%
,

29
–3
1w

ee
k

G
A
=
39
.8
%

At
le
as
t1

do
se
:<

29
w
ee
k

G
A
=
58
%
,

29
–3
1w

ee
k

G
A
=
60
.2
%

Fu
ll
do

se
:<

29
w
ee
k

G
A
=
14
.8
%
,

29
–3
1w

ee
k

G
A
=
17.
6%

W
ea
k
po

sit
iv
e

co
rr
el
at
io
n
be
tw
ee
n

pa
liv
iz
um

ab
do

sin
g

an
d
ho

sp
ita

l
ad
m
iss
io
ns

𝑃
=
0
.0
5
7

Sp
ea
rm

an
rh
o
=

0.
01
2

O
ve
ra
ll
re
du

ce
d

do
sin

g
of

pa
liv
iz
um

ab
an
d

se
as
on

al
va
ria

tio
n

in
se
ve
rit
y
of

RS
V

di
se
as
em

ay
ha
ve

aff
ec
te
d
th
er

es
ul
ts

Lo
w



10 International Journal of Pediatrics

Ta
bl
e
3:
C
on

tin
ue
d.

Au
th
or
,y
ea
r,

an
d
lo
ca
tio

n
St
ud

y
de
sig

n
Ti
m
el
in
e

St
ud

y
po

pu
lat
io
n

In
te
rv
en
tio

n
str

at
eg
y

Sa
m
pl
es

iz
e

D
os
eo

fp
al
iv
iz
um

ab
RS

V
ho

sp
ita

liz
at
io
n

ra
te

C
on

clu
sio

n
Q
ua
lit
y

of
stu

dy

(2
1)
A
le
xa
nd

er
et
al
.,
20
12
,

Au
str

al
ia
[3
7]

C
oh

or
ts
tu
dy

20
05
–2
00

9
In
fa
nt
sw

ith
H
S-
CH

D

Pa
tie

nt
sw

ho
re
ce
iv
ed

pa
liv
iz
um

ab
on

ad
ho

cb
as
is

(2
00
5–
20
07
)v

er
su
s

pa
tie

nt
sw

ho
re
ce
iv
ed

it
sy
ste

m
at
ic
al
ly

(2
00
8-
20
09
)

12
0
(3

in
20
05
–2
00
7
an
d
117

be
tw
ee
n
20
08

an
d

20
09
)

20
05
–2
00
7:
m
ea
n

1-2
/c
hi
ld

20
08
-2
00
9:
m
ea
n

4/
ch
ild

20
05
–2
00
7:
7–
9

pa
tie

nt
s/
ye
ar

20
08
–2
00
9:
2-
3

pa
tie

nt
s/
ye
ar

(𝑃
=
0
.0
3
)

Sy
ste

m
at
ic

ad
m
in
ist
ra
tio

n
of

pa
liv
iz
um

ab
re
du

ce
d

ho
sp
ita

liz
at
io
n

ra
te
s

Lo
w



International Journal of Pediatrics 11

consider palivizumab for premature infants born at GA 29–
32 weeks as per Canadian and Australian recommendations
[16, 17].

One study found a lower rate of RSV hospitalization
among children with HS-CHD who received palivizumab
[32], a group widely recommended for prophylactic use of
palivizumab in international guidelines [13–17]. This reduc-
tion, however, was not statistically significant and was much
less than the clinical trial that demonstrated a reduction
of 45% in children with HS-CHD [38]. The low observed
reduction may be attributed to the fact that the study groups
were not contemporaneous and RSV transmission may vary
across seasons. It may also be that organised and systematic
administration of palivizumab is required to achieve a benefit
in children with CHD [46]. We identified only one obser-
vational study of children with HS-CHD which limits our
ability to draw firm conclusion for this group. However as all
the guidelines have prioritised children with HS-CHD it may
be beneficial to consider these children for fivemonthly doses
of palivizumab during the first RSV season [13].

Three studies [39–41] examined the effect of palivizumab
immunoprophylaxis for preventing RSV-associated hospital-
ization in other groups of high risk children who are not
covered by specific recommendations in the AAP guidelines
[47], such as children with CF and Down syndrome. These
studies did not report a statistically significant reduction of
RSV hospitalization rate in these groups of children. In the
absence of data from well conducted observational studies
demonstrating real-world benefit of palivizumab, interna-
tional guidelines [13–17] which do not recommend routine
use of palivizumab in these groups of children seem appro-
priate.

We endeavoured to identify all potentially relevant obser-
vational studies by using a comprehensive search strategy. As
with all systematic search strategies it is possible that we have
inadvertently overlooked some relevant studies, for example,
unpublished work or studies published in languages other
than English. Our review was based on observational studies
and inability to completely control for confounding factors
is a major limitation of the included studies. In particular
“confounding by indication,” in which infants at highest risk
of disease are targeted for prophylaxis, has the potential to
result in underestimation of the protective effect. In addition
many of the included studies compared rates of hospital-
ization in children receiving prophylaxis with children not
receiving prophylaxis from different cohorts and in different
RSV seasons and some were conducted over one RSV season.
RSV transmission varies over time and geographical location
[48, 49] confounding direct interpretation of the results.

We did not include a meta-analysis in our review as the
studies included in this review were generally of varying
quality, assessed heterogeneous populations, and employed
different methodologies limiting quantitative synthesis. The
review of the included studies prevents us from drawing
firm conclusions except for among preterm infants (GA < 33
weeks) and those with CLD and HS-CHD. Further studies
of palivizumab in children with Down syndrome, CF, or
hematologic malignancies and other high risk groups may
inform the current guidelines for immunoprophylaxis. Also

studies documenting the association between number of
palivizumab injections and RSV infection may better define
the optimal dosing of the immunoprophylaxis with respect to
burden and cost.

6. Authors’ Conclusion

RSV continues to be one of the major causes of child-
hood hospitalization worldwide. This review supports use
of palivizumab for premature infants born at gestational
age < 33 weeks and in selected subgroups of children at high
risk of developing severe RSV disease, in particular chil-
dren with CLD or HS-CHD. Recommendations for targeted
immunoprophylaxis for specific groups at high risk for severe
RSV disease need to be based on better effectiveness data,
along with country-specific data on burden of RSV disease,
prevalence of risk factors, and the availability of funds for
preventive interventions.
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