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Abstract
Background:  Infections  by  respiratory  syncytial  virus  (RSV)  are  more  severe  in  patients  with
cystic fibrosis  (CF),  and  many  CF  units  use  palivizumab  as  prophylaxis;  however,  information
about palivizumab  efficacy  in  CF  patients  is  almost  lacking.
Methods:  A  literature  search  up  to  December  2012  on  the  morbidity  of  RSV  bronchiolitis  in
CF patients  and  on  the  safety  and  efficacy  of  palivizumab  in  those  patients  was  performed.
A random-effects  meta-analysis  was  conducted  for  those  studies  meeting  pre-specified  search
criteria.  Historical  controls  were  allowed.
Results:  The  number  of  patients  who  received  palivizumab  was  354  and  the  hospital  admission
rate was  0.018  (95%  CI  0.0077---0.048).  The  corresponding  number  in  the  non-treated  groups
was 463  patients  with  an  admission  rate  of  0.126  (95%  CI  0.086---0.182)  (Q  =  13.9;  p  <  0.001).

Conclusion:  Palivizumab  may  have  a  role  in  the  prevention  of  severe  lower  airway  infection  by
RSV in  CF  patients.
©  2013  SEICAP.  Published  by  Elsevier  España,  S.L.  All  rights  reserved.
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Infections  by  respiratory  syncytial  virus  (RSV)  have  been
shown  to  be  more  severe  in  patients  with  cystic  fibrosis  (CF)
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s  compared  to  those  with  no  prior  respiratory  disease,  as
easured  either  by  the  need  for  admission  to  the  ward  or  to

he  intensive  care  unit  (ICU);  or  assessed  by  mean  duration
f  hospitalisation;  or  by  changes  in  lung  function.1,2 Patients
l.  Is  palivizumab  effective  as  a  prophylaxis  of  respi-
A  meta-analysis.  Allergol  Immunopathol  (Madr).  2013.

ith  bronchopulmonary  dysplasia  (BPD)  have  a  similar  pat-
ern  of  RSV  infection  to  that  observed  in  those  with  CF,  in
erms  of  duration  of  hospitalisation,  ICU  admission,  duration
f  ICU  stay,  need  of  mechanical  ventilation  or  its  duration.3
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On  the  other  hand,  an  early  study  from  19814 showed
hat  RSV  infections  were  more  common  in  patients  who
eveloped  chronic  Pseudomonas  aeruginosa  (P.  aeruginosa)
nfection  during  the  study  period,  and  RSV  infections  were
requently  associated  with  a  rise  of  P.  aeruginosa  antibodies
n  patients  who  harboured  these  bacteria,  thus  suggesting
hat  previous  infections  with  RSV  is  a  risk  factor  for  P.  aeru-
inosa  infection,  or  that  there  is  a  synergism  between  both
nfections.  Those  early  results  have  been  strengthened  by
ore  recent  findings  from  a  study  which  showed  that  83%

f  new  colonisations  by  P.  aeruginosa  occurred  in  a three-
eek  period  after  a  viral  infection.5 Furthermore,  35%  of
atients  who  had  been  admitted  to  hospital  due  to  a  viral
nfection  suffered  from  colonisation  by  P.  aeruginosa  dur-
ng  the  following  12---60  months.  Conversely,  in  the  same
eriod  of  time,  only  6%  of  those  with  viral  infections  not
dmitted  to  hospital  were  positive  to  P.  aeruginosa.6 Van
wijk  et  al.7 performed  an  experimental  study  in  bronchial
pithelial  cells  and  found  that  previous  infection  of  cells
ith  RSV  or  the  simultaneous  infections  with  RSV  and  P.
eruginosa  significantly  increased  the  adhesion  of  the  bacte-
ia  to  cells.  Moreover,  the  study  by  de  Vrankrijker  et  al.8

howed  that  mice  lung  homogenates  co-infected  with  RSV
nd  P.  aeruginosa  had  a  2000-fold  increase  in  the  numbers
f  colony  forming  units  of  that  bacterium  as  compared  with
ice  infected  by  P.  aeruginosa  but  not  exposed  to  RSV.
The  IMpact  study,9 published  in  1998,  demonstrated  that

he  administration  of  palivizumab  (monoclonal  antibodies
gainst  RSV)  in  newborns  born  preterm  (PT)  (i.e.,  born  at
35  weeks  gestational  age)  and  in  children  ≤24  months
f  age  with  BPD  significantly  reduced  the  rate  of  hospital
dmissions  due  to  RSV  infections.  A  subsequent  clinical  trial
urther  showed  that  the  drug  also  prevents  severe  bronchi-
litis  in  children  ≤24  months  of  age  with  haemodynamically
ignificant  heart  disease.10 Unfortunately,  there  is  only  one
ouble-blind,  placebo-controlled  clinical  trial,  which  has  yet
o  be  published  as  a  full  paper,  on  the  safety  and  efficacy  of
alivizumab  in  infants  with  CF.11 This  study  found  that  admis-
ion  rates  were  not  decreased  by  the  drug  during  a  follow-up
eriod  of  six  months  after  an  RSV  infection.  A  Cochrane  sys-
ematic  review  in  2010  and  two  more  recent  updates,12---14

hich  could  only  include  the  aforementioned  trial,  con-
luded  that  the  drug  was  not  useful  in  CF  patients  infected
y  RSV,  although  more  trials  are  necessary.  However,  despite
he  lack  of  evidence  supporting  the  use  of  palivizumab  in
F  patients,  many  CF  units  around  the  world  routinely  use
alivizumab  as  prophylaxis  of  severe  RSV  bronchiolitis.15---17

The  aim  of  the  present  meta-analysis  is  to  shed  light  on
he  usefulness  of  palivizumab  as  a  prophylaxis  for  severe  RSV
nfection  of  the  lower  airways  of  children  diagnosed  of  CF.

aterials and methods

earches  were  focused  on  studies  with  a  clinical  trial  scheme
n  which  distribution  to  intervention  or  control  groups  were
andomised,  and  also  uncontrolled  studies  (case  series)
hich  measured  efficacy  and/or  safety,  were  searched  for.
Please  cite  this  article  in  press  as:  Sánchez-Solis  M,  et  a
ratory  syncytial  virus  infections  in  cystic  fibrosis  patients?  
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tudies  were  required  to  have  been  performed  in  individuals
ounger  than  18  years  of  age  and  diagnosed  with  CF  either  by
creening  in  the  neonatal  period  or  clinically  thereafter.  The
ntervention  group  was  required  to  have  used  palivizumab
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s  prophylaxis,  and  the  control  group  might  have  included
lacebo,  or  other  measures  of  infection  control  including
solation,  hygiene  measures,  etc.  Historic  controls  were
llowed.

earch  strategy

 bibliographic  search  of  scientific  literature  was  performed
ither  electronically  or  manually  up  to  December  2012.
e  included  usual  databases,  such  as  Medline/Pubmed,
mbase;  Cochrane  library  clinical  trials  registry  (CENTRAL);
ebsites  related  to  CF  looked  for  by  means  of  Internet

earch  engines;  websites  registering  ongoing  clinical  trials
uch  as  Current  Controlled  trials  and  Clinical  trials.gov;  and
SI  web  of  Knowledge  for  proceedings  and  abstracts  from
ongresses.  No  restriction  was  made  for  publication  lan-
uage  or  publishing  status.  The  search  was  completed  using
ross-referencing  from  the  articles  found.  In  those  cases
n  which  additional  information  was  required,  the  authors
f  the  specific  paper  were  contacted  via  The  search  terms
ere:  palivizumab;  respiratory  syncytial  virus;  RSV;  neonat*
R  children  OR  infant*  OR  child  OR  preterm*  (asterisks

ndicating  that  keyword  included  all  possible  derivatives);
revention  OR  prophylaxis  OR  prophylactic  OR  immunopro-
hylaxis  OR  prevent;  cystic  fibrosis.

tatistical  analysis

he  efficacy  of  palivizumab  prophylaxis  was  assessed  as  the
ifference  of  hospital  admission  rates  between  the  inter-
ention  and  non-treated  groups.  From  every  study  included
n  the  meta-analysis  a  hospital  admission  rate  was  obtained.
his  rate  was  a  figure  between  0  and  1.  The  obtained  rates
nd  their  corresponding  variances  were  analysed  using  a
andom  effects  meta-analysis.  A  weighted  mean  rate  was
btained  for  the  intervention,  and  separately  for  the  group
f  studies  which  described  the  outcome  in  non-treated
atients.  The  mean  rates  were  compared  using  the  Q-test
or  heterogeneity.  I  squared  expressed  as  a  percentage
as  used  as  a  measure  of  heterogeneity.  All  calculations
ere  performed  by  means  of  Comprehensive  Meta-Analysis

oftware  (Borenstein  M,  Hedges  L,  Higgins  J,  Rothstein  H.
omprehensive  Meta-analysis  Version  2.2,  Biostat,  Engle-
ood,  NJ,  USA,  2005).  The  number  of  patients  necessary

o  be  treated  to  avoid  one  hospital  admission  was  calcu-
ated  according  to  the  formula:  NNT  =  1/[(admission  rate  in
on-treated)  −  (admission  rate  in  treated)].

esults

esults  from  the  literature  search

he  literature  search  as  described  above  found  61  stud-
es  performed  up  to  December  2012.  The  reading  of  their
bstracts  allowed  22  of  them  to  be  discarded  as  they  were
ot  directly  focused  on  the  aims  of  the  present  review
l.  Is  palivizumab  effective  as  a prophylaxis  of  respi-
A  meta-analysis.  Allergol  Immunopathol  (Madr).  2013.

nd  were  considered  as  noise,  and  thus  39  remained  as
otentially  eligible  for  inclusion  in  the  analysis.  A  careful
eview  of  the  whole  text  of  these  papers  permitted  the
nal  selection  of  only  six  studies11,15,18---21 which  matched  the

dx.doi.org/10.1016/j.aller.2013.09.003
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Table  1  Characteristics  of  the  selected  studies.

Authors  Study  type  Publication  type  Group  characteristics  N

Speer  et  al.20 Prospective  observational  Original Palivizumab  vs. 91
Historical  controls1,6

Giebels  et  al.18 Retrospective  observational Original Palivizumab  vs. 35
Non-treated  40

McCormick et  al.15 Questionnaire Letter  to  editor Palivizumab  vs.  14
Non-treated  129

Sorrentino et  al.19 Retrospective  observational Original Palivizumab 5
No  control  group

Cohen et  al.11 Randomised
placebo-controlled  trial

Congress  abstract Palivizumab  vs.  92
Placebo  94

Paes et  al.21 Prospective  observational  Original Palivizumab  117

E

T
t
p
s
T
n
t
s
H
o
t
w
g

previously  established  inclusion  criteria.  The  remaining  33
were  excluded  for  different  reasons:  seven  were  review  arti-
cles;  one  was  a  letter  to  the  editor  without  quantitative
data;  two  reported  clinical  cases;  two  included  duplicate
data  from  studies  that  had  been  previously  published;  18
did  not  meet  the  inclusion  criteria  as  patients  had  not  been
diagnosed  of  CF;  two  did  not  include  data  related  to  the
main  outcome  measure,  i.e.  admission  rates;  and  one  used
different  metrics  which  could  not  be  transformed  to  make
it  usable  (Fig.  1).  A  summary  of  the  selected  six  studies
including  CF  patients  treated  with  palivizumab  is  shown  in
Table  1.

The  hospitalisation  rates  from  CF  patients  non-treated
with  palivizumab  were  extracted  from  three  of  the  afore-
mentioned  six  studies11,15,18 which  also  included  a  group
Please  cite  this  article  in  press  as:  Sánchez-Solis  M,  et  a
ratory  syncytial  virus  infections  in  cystic  fibrosis  patients?  
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of  non-treated  patients,  and  from  three  additional  studies
which  reported  series  of  non-treated  patients1,6,22 (Table  2).

Search strategy

Total articles
found:

61

Manual search:
7

Electronic search:
54

Full text
revised:

39

Excluded after
abstract
reading:

22

Included studies:
6

Reasons for exclusion:

Reviews: 7
Letters to editor: 1
Non CF patients: 18
n = 1 : 2
Duplicate data: 2
Admission rate not reported: 2
Different metrics: 1

-
-
-
-
-
-
-

Figure  1  Search  strategy  flow  diagram.
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No  control  group

fficacy  of  palivizumab

he  six  included  studies  reported  on  the  rate  of  hospi-
al  admissions  due  to  RSV  infections.  The  total  number  of
atients  who  received  palivizumab  was  354  and  the  admis-
ion  rate  among  them  was  0.018  (95%  CI  0.0077---0.048).
he  number  of  patients  in  the  three  studies  used  as  exter-
al  controls  and  in  the  non-treated  groups  from  three  of
he  five  included  studies  added  up  to  463  patients  and
howed  an  admission  rate  of  0.126  (95%  CI  0.086---0.182).
eterogeneity  (I2) was  moderate  in  the  non-treated  group
f  patients  (50.6%)  while  it  was  very  low  (0%)  in  the
reated  group.  The  difference  in  the  two  admission  rates
as  highly  significant  (Q  =  13.9;  p  <  0.001)  and  favoured  the
roup  treated  with  palivizumab  (Fig.  2).  As  a  way  of  a  sen-
itivity  testing,  when  only  the  three  studies  with  treated
nd  non-treated  patients  were  included,  the  weighted  mean
dmission  rate  in  the  non-treated  patients  (n  =  263)  was
.097  (95%  CI  0.041---0.211)  and  the  difference  with  the
hole  group  (n  =  354)  of  treated  patients  was  also  signifi-
ant  (Q  =  5.83;  p  =  0.016).  Furthermore,  when  comparing  the
eighted  mean  admission  rate  of  the  three  studies  used  as
xternal  controls  with  the  weighted  mean  admission  rate  of
he  three  non-treated  groups  in  the  six  selected  studies,  the
gures  were  respectively  0.140  (95%  CI  0.077---0.242)  and
.104  (0.052---0.199),  the  difference  not  being  statistically
ignificant  (Q  =  0.43;  p  =  0.512).  Moreover,  when  comparing
nly  those  three  studies  which  included  treated  and  non-
reated  patients,  the  differences  between  the  two  groups
ere  very  close  to  significance  (Q  =  2.49;  p =  0.115),  the
dmission  rate  among  treated  patients  being  0.024  (95%  CI
.005---0.098)  while  the  one  for  non-treated  patients  being
.093  (95%  CI  0.037---0.218).  Considering  the  whole  groups
f  treated  (n  =  354)  and  non-treated  patients  (n  =  463),  the
umber  necessary  to  treat  (NNT)  was  nine  patients.

afety  of  palivizumab

nly  one  included  study11 showed  data  on  the  safety  of
l.  Is  palivizumab  effective  as  a  prophylaxis  of  respi-
A  meta-analysis.  Allergol  Immunopathol  (Madr).  2013.

alivizumab.  Eighty-nine  patients  out  of  92  who  received
alivizumab  experienced  adverse  events;  however,  only  five
atients  had  events  which  were  related  to  palivizumab  pro-
hylaxis.  Nineteen  of  those  adverse  events  were  classified  as

dx.doi.org/10.1016/j.aller.2013.09.003
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Table  2  Patients  included  in  the  meta-analysis.

Author  Subgroup  Admitted  for  RSV  LRTI  Sample  size

Cohen  et  al.11 Placebo  control  1  94
Palivizumab  1  92

Giebels et  al.18 Non-treated  7  40
Palivizumab 0  35

McCormick et  al.15 Non-treated  15  129
Palivizumab  1  14

Sorrentino et  al.19 Palivizumab  0  5
Speer et  al.20 Palivizumab  0  91
Paes et  al.21 Palivizumab  1  117
Abman et  al.1 External  control  7  48
Armstrong et  al.6 External  control  8  80
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Kristensen et  al.22 External  con

eing  severe,  and  none  of  them  were  related  to  palivizumab
rophylaxis.

iscussion

ith  the  data  currently  available,  this  review  and  meta-
nalysis  have  found  that  prophylactic  treatment  with
alivizumab  in  patients  with  CF  during  the  RSV  season  might
e  effective  in  reducing  hospital  admission  rates  due  to
nfection  of  the  lower  respiratory  tract  by  RSV.  However,
e  could  not  obtain  data  about  the  effect  of  prophylaxis
ith  palivizumab  in  other  important  outcomes  such  as  mor-

ality,  severity  of  infection  or  rate  of  post-bronchiolitis  P.
eruginosa  colonisation.

The  available  data  demonstrate  that  RSV  infection
n  CF  infants  may  cause  significant  pulmonary  morbid-
ty;  prolonged  hospitalisation;  and  complications  such
Please  cite  this  article  in  press  as:  Sánchez-Solis  M,  et  a
ratory  syncytial  virus  infections  in  cystic  fibrosis  patients?  
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s  mechanical  ventilation,  persistent  hypoxaemia,  and
ecreased  lung  function  for  several  months  after  a  lower
espiratory  tract  infection  (LRTI).1,2 Comparing  outcomes  of
SV  infection  in  eight  children  with  BPD  out  of  159  total

e
c
o
P

Study name Subgroup Statistics for e

Event
rate

Lower
limit

Uppe
limit

0,011
0,175
0,116
0,146
0,100
0,181
0,126

0,011
0,014

0,071
0,083
0,005
0,009
0,018

0,001 0,072
0,324
0,184
0,276
0,187
0,287
0,182

0,073
0,187

0,370
0,622
0,081
0,058
0,048

0,086
0,071
0,071
0,051
0,108
0,086

0,002
0,001

0,010
0,005
0,000
0,001
0,007

Cohen, 2005 Non-treated
Non-treated
Non-treated
Non-treated
Non-treated
Non-treated
Overall

Overall

Palivizumab
Palivizumab

Palivizumab
Palivizumab
Palivizumab
Palivizumab

Giebels, 2008
McCormick, 2007

Cohen, 2005
Giebels, 2008

McCormick, 2007
Sorrentino, 2000
Speer, 2008
Paes, 2012

Abman, 1988
Armstrong, 1998
Kristensen, 2012

igure  2  Admission  rates  in  the  group  of  patients  treated  with  pali
he overall  admission  rates  in  each  group  (0.126  vs.  0.018)  was  stat
eterogeneity  (I2)  was  0%  in  the  treated  and  50.6%  in  the  non-treate
13  72

hildren  with  pre-existing  lung  disorders  (BPD,  cystic
brosis,  recurrent  aspiration  pneumonitis,  pulmonary  mal-
ormation,  neurogenic  disorders  interfering  with  pulmonary
ucus  circulation,  tracheo-oesophageal  fistula,  and  others)
efore  developing  an  RSV  LRTI,  there  were  no  significant  dif-
erences  among  seven  different  groups  for  several  morbidity
easures  such  as  duration  of  hospitalisation,  ICU  admis-

ion,  duration  of  ICU  stay,  mechanical  ventilation  and  its
uration.3 The  most  important  risk  factor  was  lung  disease
everity:  patients  using  home  oxygen  were  more  likely  to
e  admitted  to  the  ICU  than  those  who  had  never  used
t.  Authors  concluded  that  children  with  other  underly-
ng  diseases,  including  CF,  have  similar  morbidity  to  those
ith  BPD,  and  that  prophylactic  interventions  against  RSV

hould  also  be  studied  in  these  groups.3 The  fact  that  a
RTI  caused  by  RSV  increases  the  risk  of  being  colonised  by
.  aeruginosa5---7 is  essential  to  evaluate  the  importance  of
SV  infections  in  patients  suffering  from  CF,  as  it  has  been
l.  Is  palivizumab  effective  as  a prophylaxis  of  respi-
A  meta-analysis.  Allergol  Immunopathol  (Madr).  2013.

xtensively  shown  that  lung  function  deteriorates  signifi-
antly  after  colonisation  by  this  bacterium.  From  this  point
f  view,  preventing  RSV  infection  could  also  mean  preventing
.  aeruginosa  colonisation.

ach study

r
 Z-value

–4,508 0,000
0,000
0,000
0,000
0,000
0,000
0,000

0,000

0,000
0,000
0,000

0,00 0,50 1,00

0,003

0,013
0,105

–3,726
–7,384
–4,322
–5,896
–4,937
–8,845

–4,486
–2,993

–2,472
–1,623
–3,674
–4,733
–7,915

p-value

Event rate and 95% CI

vizumab  and  in  the  non-treated  group.  The  difference  between
istically  significant  (Q-test  for  heterogeneity:  13.9;  p  <  0.001).
d  patients.
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Taking  those  considerations  into  account,  it  is  under-
standable  that  many  CF  units  frequently  recommend  RSV
prophylaxis,15,16 even  in  the  absence  of  clear  evidence  sup-
porting  the  use  of  palivizumab  in  CF  patients.

Our  results  are  apparently  contradictory  to  those  from
the  only  controlled  clinical  trial  performed  to  date11 which
did  not  find  any  difference  in  the  admission  rates  in  the
treated  group  as  compared  with  the  control  group.  The  rea-
sons  for  these  contradictory  results  may  be  diverse.  For
instance,  clinical  trials  entail  closer  observation  of  patients,
which  usually  translates  into  faster  interventions  than  in
the  general  population,  thus  probably  lowering  the  hospital
admission  rates  both  in  the  intervention  and  in  the  control
groups,  thereby  making  it  very  difficult  to  find  differences
when  groups  are  relatively  small.  In  contrast  with  the  iden-
tical  admission  rates  in  the  active  and  control  groups,  the
study  found  that  the  proportion  of  patients  who  tested  pos-
itive  for  RSV  antigen  was  13%  in  the  active  group  and  almost
double  that  in  the  control  group  (23%).  In  a  real-life  set-
ting  this  substantial  difference  might  have  implied  a  higher
rate  of  hospital  admissions  in  the  group  with  a  higher  rate
of  positive  tests,  i.e.  in  the  non-treated  group.

A  quite  recent  study23 performed  in  a  very  large
population  of  CF  children,  exposed  and  non-exposed  to
palivizumab,  conducted  in  the  USA  and  focused  in  the
incidence  of  hospitalisations  due  to  RSV  (and  also  to  all
LRTI  in  a  broader  sense)  found  that  RSV-related  hospital-
isations  --- which  is  the  main  interest  in  this  case  ---  were
lower,  albeit  not  significantly,  in  the  group  exposed  to
palivizumab  (hazard  ratio  0.57;  95%  CI  0.20---1.60).  The
authors  concluded  that  the  incidence  rates  suggested  poten-
tially  positive  effects  of  palivizumab,  but  the  results  were
not  conclusive  due  to  the  small  event  rate  (32  RSV-related
hospitalisations).  Unfortunately,  we  could  not  include  this
study  in  the  present  meta-analysis  as  the  metrics  were  dif-
ferent  from  the  rest  of  the  studies  of  interest.

The  main  limitation  of  the  present  meta-analysis  is
that  it  includes  studies  which  were  not  proper  controlled
clinical  trials,  i.e.  they  did  not  include  a  randomised
control  group  and  there  was  not  consistent  blinding.  As
already  stated,  only  one  study  was  a  properly  randomised
placebo-controlled  clinical  trial  and  in  fact,  the  Cochrane
reviews12---14 on  this  topic  had  reported  this,  and  had  sug-
gested  the  need  for  more  studies  in  order  to  clarify  the
usefulness  of  palivizumab  prophylaxis  in  CF  patients.

The  results  of  the  present  meta-analysis  cannot  indicate
beyond  doubt  that  palivizumab  prophylaxis  in  CF  patients
actually  reduces  the  admission  rates  due  to  RSV  infections,
but  suggests  that  there  is  an  urgent  need  for  new  clini-
cal  trials  which  definitively  clarify  the  efficacy  and  safety
of  palivizumab  in  those  patients.  In  fact,  these  results
suggest  that  there  might  be  a  role  of  this  drug  in  the
prevention  of  severe  lower  airway  infection  by  RSV  in  CF
patients.
Please  cite  this  article  in  press  as:  Sánchez-Solis  M,  et  a
ratory  syncytial  virus  infections  in  cystic  fibrosis  patients?  
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