
REVIEW

Martin C. J. Kneyber á HenrieÈ tte A. Moll á Ronald de Groot

Treatment and prevention of respiratory syncytial
virus infection

Received: 29 October 1999 and in revised form 28 December 1999 /Accepted: 30 December 1999

Abstract This review discusses the current knowledge on treatment and prevention of
respiratory synctial virus (RSV) infections in children. Unfortunately, an e�ective therapy
is not yet available. The e�cacy of corticosteroids and bronchodilators has not yet been
adequately documented and the use of ribavirin is only indicated in a highly selected
group of high risk patients with T-cell immunode®ciency. The results of studies on the
e�cacy of vitamin A, interferon and antibiotics showed disappointing results. Vaccina-
tion research has produced candidate vaccines such as the recombinant vaccine BBG2Na,
a subunit vaccine PFP-2 and cold-passaged-temperature sensitive vaccines. However,
phase III e�cacy trials in infants, young children and the elderly are still lacking. Passive
protection against infections by RSV can be conferred by the use of RSV hyperimmune
globulin or by the administration of palivizumab, a monoclonal antibody. However, large
costs are involved. In addition, major di�erences have been reported in the prevalence
of RSV lower respiratory tract infections in di�erent countries, regions and even within
well-known high-risk populations.

Conclusion We suggest the development of local and regional guidelines based on
hospitalisation rates in high-risk infants and cost-bene®t analysis studies.
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Abbreviations BPD bronchopulmonary dysplasia á CHD congenital heart disease á Cpts
cold passaged temperature sensitive á IFN interferon á PFP-1 puri®ed fusion protein-1 á
RSV respiratory syncytial virus á RSVIG respiratory synctial virus immune globulin á
SaO2 oxygen saturation

Introduction

Respiratory syncytial virus (RSV) is a member of the
genus Pneumoviridae of the family Paramyxoviridae. Its
genome consists of linear, single stranded RNA and
encodes ten proteins of which two of the transmem-
brane surface proteins (G and F proteins) are of most
interest, since they are involved in viral pathology and
infectivity [47]. The G protein is responsible for at-
tachment of the virus to the host cell, the F protein for
the fusion of the virus with the host. Both F and G

proteins induce neutralising antibodies [119]. Two ma-
jor antigenic groups of RSV, subtypes A and B, may be
identi®ed by monoclonal antibodies [130]. RSV is the
worlds leading cause of viral respiratory tract infection
in infants and young children [71]. The clinical spec-
trum extends from a mild upper respiratory tract in-
fection to severe lower respiratory tract disease
including bronchiolitis [80]. In the United States, RSV
infection annually leads to approximately 100.000
hospital admissions with an estimated number of 4500
deaths [57].
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RSV-associated lower respiratory tract disease occurs
especially in young children with a peak incidence be-
tween 2 and 6 months of age [12]. In some of these
young infants a severe disease course may be observed.
Children with underlying chronic diseases such as
bronchopulmonary dysplasia (BPD), congenital heart
disease (CHD) and T-cell immunode®ciency or prema-
turely born infants have a higher risk for severe RSV
infections [41, 51, 83]. RSV associated bronchiolitis
results from an immunopathological process in which
T-cells play a major role [13, 40]. Neutrophils and
eosinophils are also involved in the RSV-related disease
process [33, 73]. Eosinophils become activated and
subsequently release mediators which are thought to be
responsible for wheezing during acute infection [73].

Currently, the treatment of RSV infections is mainly
supportive. The therapeutic e�ects of corticosteroids,
bronchodilators, ribavirin, and RSV immune globulin
and the prevention of RSV infections by hyperimmune
globulin and monoclonal antibodies have been investi-
gated in many studies. The interpretation of the results
of these studies and the implementation in clinical
practice may vary considerably as was illustrated by a
poll among members of the European Society for Pae-
diatric Infectious Diseases [74]. Recent studies with new
candidate vaccines have yielded promising results [37,
66, 72]. This review seeks to provide the reader with
a comprehensive overview of the current knowledge
on the treatment and prevention of RSV infections in
infants and young children.

Treatment of RSV infection

Corticosteroid therapy

A large body of experimental data underscores the im-
portant role of the host immune response in RSV-in-
duced bronchiolitis. This has led to the hypothesis that a
modulation of the immune response by the use of cor-
ticosteroids may have a bene®cial e�ect on the outcome
of children with RSV infections [96]. Data from studies
carried out in the 1960s were con¯icting and di�cult to
interpret [17, 82, 98, 132]. Tal and co-workers [134] de-
scribed clinical improvement after the use of a combi-
nation of dexamethasone and salbutamol in a group of
32 infants with RSV infections . However, the index
group in this study was not restricted to infants with
acute bronchiolitis.

The intravenous use of hydrocortisone (1 mg/kg per
day) and subsequently prednisone (2 mg/kg per day)
orally in combination with albuterol inhalations was
investigated in 50 infants younger than 1 year of age
with a ®rst episode of bronchiolitis [129]. In this study
no clinical bene®t was demonstrated. The e�cacy of
intramuscular dexamethasone (1 mg/kg) administered in
65 infants was compared with that of placebo given to
53 infants with an intial episode of wheezing [117]. The
duration of oxygen therapy or time to resolution of

symptoms did not decrease. This lack of bene®t was also
observed when the e�cacy of oral dexamethasone was
investigated [76]. Van Woensel et al. [139] studied the
e�ect of oral prednisolone (1 mg/kg per day) for 7 days
in 27 RSV-positive infants. They observed a signi®cant
reduction in symptom score during the ®rst 3 days of
treatment with a non-signi®cant tendency to treatment
bene®t in children who su�ered from severe bronchio-
litis. The duration of mechanical ventilation was not
reduced in the treatment group as compared to the
control group, whereas the duration of hospitalisation
was signi®cantly reduced in the treatment group [139].

Investigators have also studied whether cortico-
steroids prevent post-bronchiolitic wheezing. The use of
either oral prednisone with b2-agonists or nebulised
budesonide did not reduce the prevalence of wheezing,
respiratory symptom scores or the proportion of chil-
dren requiring bronchodilators or steroids 1 year after
the acute illness [112]. Corticosteroids are not e�ective
and therefore not indicated in children with bronchiolitis
or as part of a prophylactic therapy to prevent post-
bronchiolitic wheezing. The Infectious Diseases Society
of America has accordingly advised against the use of
corticosteroids [86].

Bronchodilator therapy

Bronchodilators are frequently used in children with
RSV infections because of the similar disease presenta-
tion in infants with asthma and with RSV bronchiolitis.
Airway obstruction in RSV-induced bronchiolitis is
characterised by necrosis and lysis of respiratory tract
cells with oedema of the submucosa, excessive mucus
secretion with or without bronchial hyperreactivity and
surfactant abnormalities associated with airway collapse
[1]. b-agonists do not only generate bronchodilatation,
but also contribute to mucus clearance and production
and release of surfactant [27]. Four studies have dem-
onstrated bene®cial e�ects of b-agonists on the course of
RSV-induced bronchiolitis in infancy [2, 14, 75, 137].
A short-term improvement in clinical scores was seen
in children treated with b-agonists [69]. The use of
salbutamol may lead to a short-term reduction in the
respiratory distress assessment instrument lasting ap-
proximately 30 min [75]. Recently, a French group re-
ported a signi®cantly greater improvement in respiratory
rate, accessory muscle score and wheezing score in in-
fants treated with 0.15 ml/kg per dose nebulised salbu-
tamol [75]. Schuh et al. [122] observed a signi®cant
improvement in oxygen saturation (SaO2) in a study of
40 infants treated with 0.15 mg/kg per dose albuterol
versus placebo. Soto et al. [128] demonstrated in a non-
controlled study of 50 infants with RSV-bronchiolitis, a
signi®cant improvement in airway conductance as a re-
sult of treatment with a bronchodilator. However, the
study group was not restricted to ®rst time wheezers.
Also, the bronchodilator-response group was charac-
terised by a stronger family history of atopy and chronic
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bronchitis. This may indicate that infants prone for
atopic asthma were included in the study population.

Other investigators have failed to demonstrate a
bene®cial e�ect of bronchodilators or an improvement
in RSV-associated respiratory failure [16, 38, 39, 54, 62].
A randomised controlled trial in 62 patients between 2
and 24 months of age comprising four treatment groups
(salbutamol 0.15 mg/kg per dose plus ipratroprium
bromide 125 lg or 250 lg in infants aged 6 months or
more, salbutamol alone, ipratroprium bromide alone or
saline) demonstrated no signi®cant change in SaO2,
change in clinical score or duration of hospitalisation
[144]. Two randomised trials including 88 and 83 chil-
dren respectively failed to demonstrate a signi®cant
improvement on SaO2 by the use of salbutamol [75].
b-agonists were also reported to induce bronchosp-
asms [62].

Racemic adrenaline provides a signi®cant improve-
ment in the clinical score and transcutaneously mea-
sured carbon dioxide tension in children treated with
adrenaline as compared with the control group, al-
though a signi®cant di�erence in SaO2 was only found
immediately after nebulisation [79]. Ipratroprium bro-
mide has no bene®t as adjuvant therapy for bronchiolitis
[60, 122, 123]. Flores et al. [36] therefore justi®ably
concluded on the basis of an extensive meta-analysis
that there is insu�cient evidence to support the e�cacy
of b2-agonist therapy. However, bronchodilators may
produce a modest short-term improvement in clinical
scores as suggested in a study using the Cochrane dat-
abase [70]. Currently, bronchodilators are frequently
used as supportive treatment despite the lack of
evidence-based support for this practice [74, 84].

Antiviral therapy

Ribavirin (Virazole) is the only drug registered for the
treatment of children with RSV-induced bronchiolitis
and has been licensed by the American Food and Drug
Association since 1985. Ribavirin (1-b-D-ribafuranosyl-
1,2,4-triazole-3-carboxamide) is a virostatic synthetic
nucleoside analogue [46]. In vitro it is active against a
wide variety of DNA and RNA viruses such as herpes,
cytomegalovirus and in¯uenza A and B viruses [35].
After administration, the drug is phosphorylated to rib-
avirin triphosphate, which is the highly active metabolite.
Ribavirin is subsequently catabolised to triazole carb-
oxamide. This inactive metabolite is excreted in the urine
[18]. Ribavirin is administered by a nebuliser. Adminis-
tration of a large dose of aerosolised ribavirin aerosols
over a short period (6 mg/100 ml water for a period of 2 h
three times a day) leads to an equal e�ect as the gift of a
low dose over a longer period (6 g/300 ml water for 18 h a
day) without an increased ribavirin concentration in the
patient or increased ribavirin concentrations in the en-
vironment [32]. Teratogenic, carcinogenic and mutagenic
side-e�ects of ribavirin have previously been described in
animal models [56]. Carcinogenic e�ects occurred after

rats were chronically fed with high doses of ribavirin,
whereas teratogenicity was only seen when ribavirin was
administered during the ®rst trimester of pregnancy [35].
Orally administered ribavirin may also inhibit red cell
production [35]. However, very few side-e�ects were
reported in human clinical studies. The drug was not
detected in either plasma or red blood cell samples of
health care workers [11].

Ribavirin in non-ventilated infants

Hall and co-workers [50] observed that the drug signi-
®cantly improved the overall clinical score, decreased the
number of lower respiratory tract associated symptoms
and improved the arterial SaO2 in 33 infants of whom 17
were treated with ribavirin. Taber et al. [133] and
Rodriguez et al. [115] con®rmed the observation of im-
provement in the clinical score and increased rate of
improvement in SaO2 by the use of ribavirin. Barry et al.
[6] found a signi®cant decrease in cough and crepitations
in children treated with ribavirin. Bene®cial e�ects of
ribavirin were also observed in children with CHD or
BPD [45, 49]. Conrad et al. [21] compared 33 infants
treated with ribavirin with a retrospectively obtained
control group, but the demographics of the treatment
and control group were not fully comparable since in-
fants treated with ribavirin were signi®cantly younger
than the control group. Ribavirin signi®cantly reduced
the duration of hospitalisation, mechanical ventilation
and mean therapeutic intervention scores. The use of
ribavirin did not lead to a signi®cantly lower airway
resistance or increased compliance [64]. In contrast to
these observations, two recent studies failed to demon-
strate a bene®cial e�ect of ribavirin [81, 95].

Ribavirin in ventilated infants

Three studies evaluated the e�cacy of ribavirin in ven-
tilated patients [88, 92, 127]. Smith and co-workers [127]
observed an improved arterial SaO2, a signi®cant re-
duction in duration of mechanical ventilation, duration
of oxygen supplementation and duration of hospitali-
sation in ventilated infants with RSV infections, who
were treated with ribavirin. In two recent studies in 41
and 439 patients these observations could not be con-
®rmed [88, 92]. However, in these studies sterile water
was used as placebo. Wheeler et al. [148] retrospectively
compared two hospitals: in one hospital ribavirin was
routinely used whereas in the other hospital only sup-
portive therapy for RSV bronchiolitis was given. No
signi®cant di�erences in mortality, duration of hospi-
talisation and duration of mechanical ventilation were
observed.

Early studies demonstrated bene®cial e�ects of riba-
virin; however, these investigations were criticised on
their methodology and use of subjective endpoints such
as clinical score rather than major endpoints such as
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mortality, SaO2 and mechanical ventilation. Further-
more, several groups used aerosolised water which may
induce bronchospasms as part of the placebo treatment
[28]. Additional problems of ribavirin include high costs
of the drug, di�culties with administration and the po-
tential teratogenic and carcinogenic e�ects. The Ameri-
can Academy of Pediatrics have altered their
recommendations from ``should be used'' to ``may be
considered'' in 1996. These guidelines indicate treatment
with ribavirin in high risk children (CHD, BPD, pre-
maturity and age <6 weeks), immunode®cient children
and severely ill children with or without mechanical
ventilation [3]. However, in our opinion there is not
enough evidence that ribavirin has a bene®cial e�ect in
high risk children with CHD, BPD, prematurity or even
in severely ill children requiring mechanical ventilation.
A meta-analysis addressed the question whether ribavi-
rin is useful in the treatment of RSV infections [110].
These authors concluded that the relative risk for mor-
tality was 0.42 (95% CI 0.13±1.44, P � NS). The risk for
respiratory deterioration was 0.42 (95% CI 0.16±1.34,
P � NS). They concluded that the use of ribavirin was
not associated with a signi®cant bene®t. However, the
individual trials may lack su�cient power to provide
reliable estimates of the e�ects [111]. We therefore sug-
gest to restrict administration of ribavirin to immuno-
de®cient children, in which ribavirin may reduce the
duration of viral shedding of RSV [51, 85].

The prevention of long-term sequelae of RSV bron-
chiolitis after the use of ribavirin has also been investi-
gated. Infants treated with ribavirin demonstrated
signi®cantly lower RSV-speci®c IgE responses (which
may be responsible for the wheezing) with lower geo-
metric mean titres than controls [118]. The use of rib-
avirin did not result in di�erences in lung function or in
decreased respiratory symptoms after RSV bronchiolitis
in treated versus non-treated infants 5 to 6 years after
the initial illness [78]. Recently, Edell et al. [30] retro-
spectively demonstrated in a group of 22 infants younger
than 6 months of age treated with ribavirin a signi®cant
reduction in the prevalence of reactive airway disease 1
year after bronchiolitis. This e�ect was only detected in
the group with ``mild'' reactive airway disease. However,
the study subjects were not randomised for treatment
and loss to follow-up was high (36 out of 77 hospitalised
infants).

RSV-immunoglobulin

Administration of aerosolised RSV-immunoglobulin
(RSVIG) in the cotton rat results in a strong reduction
of viral titres in pulmonary tissue and clearance of de-
tectable virus in most of the animals [99]. Furthermore, a
much lower dose is needed to achieve similar e�ects
when RSVIG is administered topically instead of intra-
venously [107]. These observations in animal studies
raised the possibility to use RSVIG in the treatment of
RSV.bronchiolitis.

Rodriguez et al. [114, 116] performed two clinical
trials to investigate the e�cacy of RSVIG in the treat-
ment of lower respiratory tract infection caused by RSV.
In the ®rst study, RSVIG was used in young children
with BPD, chronic lung disease, CHD or prematurity
<32 weeks of gestation. There were no signi®cant dif-
ferences in duration of RSV hospitalisation, intensive
care unit stay and mechanical ventilation between the
treatment and the control group [116]. The second study
enrolled previously healthy infants who were hospita-
lised with RSV infection [114]. Again, e�cacy of RSVIG
could not be con®rmed. Therefore, RSVIG is not used
as therapy for RSV infections.

Other therapies

Vitamin A

Serum vitamin A levels were signi®cantly decreased in
children with RSV infections, thus possibly contributing
to a more severe course of infection. These data sug-
gested that vitamin A might be a useful adjunctive
therapy [94, 109]. However, in a subsequent study oral
administration of vitamin A did not decrease respiratory
morbidity in children with acute RSV bronchiolitis [102].

Antimicrobial therapy

The risk of a secondary bacterial infection in patients
with RSV bronchiolitis is very low [52]. Hence, the
routine use of antibiotics in the treatment of RSV
bronchiolitis is not warranted. The decision whether or
not to start antibiotics generally depends on the clinical
impression of the patient, increased WBC and elevated
CRP. WBCs greater than 15 ´ 109/l have been associ-
ated with bacteraemia [136]. Although WBCs may in-
crease up to 20 ´ 109/l, serum CRP levels in RSV
infection are usually low [121]. We suggest to restrict
the use of antibiotics to those children in whom an
unexpected clinical deterioration is seen accompanied by
an increase in in¯ammatory parameters such as CRP.

Interferon

Interferon (IFN) is released by leucocytes in response to
viral infections and may induce a state of resistance to
replication in host cells [103]. The IFN response to RSV
infection in children was found to be minimal when
compared to that by other respiratory viruses such as
in¯uenza [48]. Higgins et al. [61] conducted a double-
blind, placebo-controlled study to investigate the clinical
and prophylactic e�cacy of IFN-2a. Although a pro-
phylactic e�ect was observed, the severity of signs and
symptoms nor the duration of illness was in¯uenced by
IFN-2a. Therefore, IFN-2a has little value in the treat-
ment of RSV infections [15].
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Prevention of RSV infections

Vaccination

A formalin-inactivated aluminium-precipitated RSV
vaccine was developed and tested in infants and children
in the 1960s. Unfortunately, not only did this vaccine
fail to protect against naturally acquired RSV infection,
but on rechallenge with RSV it induced an immune-
mediated response resulting in increased hospitalisation
rates for lower respiratory tract pathology and increased
mortality [37, 66, 72]. The pathophysiology of this pro-
cesss was explored in animal models. In the cotton rat,
formalin did not ablate all of the epitopes on the F and
G glycoproteins, resulting in high levels of antibodies
against the F and G proteins [108]. This led to an
aberrant immune response resulting in more severe
pulmonary histopathology [100]. Subsequent studies
showed that CD4+ T-cells play a role in the enhanced
pulmonary histopathology and that formalin-inactived
RSV vaccine induced low levels of major histocompati-
bility complex class I restricted cytotoxic T-cell activity
as opposed to natural acquired RSV infection [20].
Formalin-inactived RSV vaccine primed for a T-helper 2
cell response, which is interleukin-4 and -10 dependent.
Such a response has been associated with disease pro-
gression in mice [19]. Also, formalin-inactived RSV
vaccine induced antibodies to the F protein which were
de®cient in their fusion inhibiting activity [93].

The development of an e�ective vaccine against RSV
still experiences several obstacles. A new vaccine has to
protect against RSV subtypes A and B [77]. Also, RSV
a�ects especially infants younger than 6 months of age
with increased morbidity thus necessitating maternal or
neonatal immunisation [143]. However, the presence of
maternal antibodies may diminish the antibody response
of infants on exposure with a RSV vaccine [31]. In ad-
dition, the ability to respond to viral surface glycopro-
teins appears to be low during the ®rst 6 to 9 months of
life [22]. A vaccine has to protect for at least the ®rst
years of life. Finally, there may remain concern for an
enhanced pulmonary disease course as was previously
induced by the formalin-inactived vaccine.

Recombinant vaccines

A newly developed recombinant fusion protein
BBG2Na (RSV G protein fragment aa 130±230 with a
conserved subgroup A speci®c protective epitope, lined
up with the albumin-binding region of streptococcal
protein G and a stretch of amino acids residues com-
pletely conserved in all known human A and B RSV
isolates) was shown to be protective in mice and cotton
rats [105]. Maternal immunisation resulted in a passive
transfer of high levels of RSV-A antibodies to o�spring,
protecting them from RSV challenge for up to 14 weeks.
Also, maternal antibodies did not suppress the e�ect of

neonatal vaccination. A phase I trial with BBG2Na in
healthy volunteers has been performed in our institution.
The vaccine was highly immunogenic, well tolerated and
resulted in few side-e�ects [104]. Other recombinant
vaccines include those with a vector such as the recom-
binant adenovirus type 4, 5 and 7 expressing either the F
and G or both, a recombinant bacteriophage dysplaying
a chimeric coat protein fused to a protective epitope from
the glycoprotein G or an optimised plasmid DNA vector
expressing the RSV fusion protein (DNA-F) [7]. The
bacteriophage induced a high level of RSV-speci®c an-
tibodies in BALB/c mice. These candidate vaccines are
still being evaluated in animal models.

Subunit vaccines

Animal studies demonstrated that puri®ed F and/or G
protein protect immunised mice against subsequent
challenge by RSV [119]. In humans, the use of puri®ed
fusion protein-1 (PFP-1) did not prevent infection,
although severe respiratory tract disease did not occur
[9]. Importantly, when PFP-1 was administered intra-
muscularly, none of the recipients developed enhanced
disease after vaccination or subsequent infection [138].
PFP-1 contains approximately 90%±95% F protein,
whereas PFP-2 contains approximately 98% F protein
and to a lesser extent other virus proteins [146]. Ad-
ministration of PFP-2 resulted in a good immune re-
sponse and a signi®cantly reduced number of lower
respirator tract illnesses in children with cystic ®brosis or
bronchopulmonary atresia [101]. Other subunit vaccines
include the RSV fusion protein with cholera toxin as an
adjuvant or a subunit vaccine of puri®ed fraction 21 of
Quillaja saponaria with the fusion protein [140, 141].

Live vaccines

Since killed RSV vaccines produced paradoxical e�ects,
attention has focussed on live attenuated RSV vaccines.
A live RSV vaccine was shown to be ine�ective [10].
Over the past decades, attenuated vaccines such as host
range mutants, cold-passaged (cp) mutants and tem-
perature sensitive (ts) mutants (RSV replicates at 37 °C
but not at higher temperatures) were created [29]. A
group of British investigators developed ts mutants of
RSV strain A chemically mutagenised by growth in the
presence of 5-¯uorouracil (ts1A and ts19A) or mut-
agenised by growth in ICR 340 or ICR 372 (ts1B and
ts19B) [87]. Intranasal administration of this candidate
vaccine was evaluated in 20 healthy volunteers. The
vaccine was able to produce a secondary immune re-
sponse almost equal to wild type RSV, but with a re-
duction in morbidity. However, the authors concluded
that ``the residual pathogenicity of even the most mod-
i®ed mutant would not be acceptable in infants''.

RSV strain A2 mutagenised twice with 5-¯uoro-
uracil in Vero cell monolayer cultures yielded a series
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of candidate vaccines designated cpts-248, cpts-248/404
and cpts-530/1009 [23, 68]. All three candidate vac-
cines protected (seronegative) chimpanzees against
challenge with wild type RSV [23, 26, 68]. However,
when evaluated in young children, important side-ef-
fects, particularly in infants younger than 2 months of
age, were seen including upper respiratory tract
symptoms such as nasal congestion [67]. An important
characteristic of this vaccine was the stability of the
temperature sensitivity phenotype. In order to simulate
the condition of human infants with maternally de-
rived antibodies against RSV, some chimpanzees were
intravenously pretreated with RSVIG. Viral replication
was highly restricted in both the upper and lower re-
spiratory tract after challenge with wild type RSV,
although protective e�cacy was not altered [23]. At
this moment, it seems that it will take several years
before one of these vaccines will become available for
infants.

Passive immunisation

Intravenous immunoglobulins

Studies in the cotton rat demonstrated that adequate
neutralising antibody titres provided protection from
RSV infection and did not result in RSV-associated
disease [58]. Topical administration of lower doses had
equal e�ects [59]. In humans, neutralising antibody titres
between 1:200 and 1:400 correlate with less severe pul-
monary infection [42]. However, standard immuno-
globulins may not contain su�cient RSV neutralising
antibody to ameliorate or prevent RSV lower respira-

tory tract disease [89]. This problem can be resolved by
the use of RSVIG [124, 125].

The ®rst study which investigated the e�ect of
RSVIG was performed in 1993 and included 249 infants
and children younger than 4 years of age with BPD,
CHD or prematurity [44]. RSVIG was given up to a
total of ®ve monthly infusions during the RSV season in
either high dose (750 mg/kg) or low dose (150 mg/kg).
Recipients of the high dose had a 62% reduction in in-
cidence of RSV infections and a 72% reduction in
moderate to severe infections (Table 1). The high dose
group di�ered signi®cantly from the control group in the
number of hospitalisations and the duration of hospi-
talisation. The greatest bene®t of RSVIG was found
among preterm infants and infants with BPD. Adverse
events occurred only in 3% and comprised a mild ¯uid
overload, mild decreases in SaO2 and fever. Six deaths
occurred which were non attributable to infusion of
RSVIG. Five out of the six deaths were patients with
CHD. These deaths were not direct attributable to RSV-
related disease. Three deaths were related to complica-
tions of cardiac surgery. A subanalysis from this study
included prematurely born infants with or without BPD
[43]. The e�cacy of high dose RSVIG (n � 58) was
compared to that of placebo (n � 58). Again, RSVIG
signi®cantly reduced the number of moderate-to-severe
RSV lower respiratory tract infections and the number
of RSV hospitalisations. Duration of hospitalisation
nearly reached signi®cant di�erence (P � 0.06). Adverse
events were seen in 5% of the study population.

The second study investigating the use of RSVIG in
premature infants and infants with BPD was carried out
by the PREVENT group in 1997 [106]. High dose (750
mg/kg) RSVIG (n � 250) was compared to placebo

Table 1 Summary of the re-
sults from three studies on the
use of RSVIG. (LRTI lower
respiratory tract infection)

Study RSVIG
(750 mg/kg)

Control
group

Reduction
(%)

P

Groothuis et al. [44]
Inclusion: children <4 years with BPD, CHD or premature birth
Sample size (n) 81 89
All RSV-LRTI (n) 7 20 62 0.01
Moderate to severe RSV-LRTI (n) 3 12 72 0.03
Number of hospitalisations (n) 6 18 63 0.02
Hospital days 43 128 63 0.02
Intensive care unit admissions (n) 1 6 82 0.12

Groothuis et al. [43]
Inclusion: premature infants with of without BPD
Sample size (n) 58 58
All RSV-LRTI (n) 4 14 71 0.01
Moderate to severe RSV-LRTI (n) 1 10 90 0.006
Number of hospitalisations (n) 4 13 69 0.02
Hospital days 31 83 63 0.06

Prevent Study Group [106]
Inclusion: premature infants with of without BPD
Sample size (n) 250 260
Number of hospitalisations (n) 20 35 41 0.046
Hospital days 60 129 52 0.045
Hospital days on oxygen 34 85 60 0.007
Hospital days classi®ed as severe 49 106 54 0.049
Intensive care unit admissions (n) 8 12 31 0.41
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(n � 260). RSVIG prophylaxis was associated with a
41% reduction in RSV hospitalisation and a 53% re-
duction in total days of RSV hospitalisation (Table 1).
Children with RSVIG had a signi®cantly reduced
number of days on supplemental oxygen. The number of
patients requiring mechanical ventilation did not di�er
between the two groups. Adverse events were infrequent
and mild. The outcomes of the two studies resulted in
RSVIG (RespiGam) being licensed by the Food and
Drug Administration in January 1996 for use in the
prevention of RSV infection in infants and children
younger than 2 years of age with BPD or a history of
premature birth (£35 weeks). The recommendations
were supported by the American Academy of Pediatrics
with a minor modi®cation of the history of prematurity
(£32 weeks). It was advised to defer measles-mumps-
rubella-varicella vaccination until 9 months after the last
dose [4].

The bene®cial e�ect of RSVIG was demonstrated in a
systematic review of all published studies on RSVIG
[145]. It was found that RSVIG e�ectively prevents
hospitalisations and intensive care unit admissions due
to RSV infection, but does not result in a reduction of
mechanical ventilation. Currently, RSVIG is not indi-
cated in children with CHD. In a recent study, 202
children younger than 4 years of age with CHD or
cardiomyopathy received 750 mg/kg RSVIG, whereas
214 controls received albumin [126]. Neither the number
of RSV-associated respiratory tract infections, nor the
number of hospital days for lower respiratory tract RSV
infection di�ered between the two groups. No signi®cant
di�erences regarding intensive care unit admission and
mechanical ventilation were observed between the two
groups. In eight children, the infusion of RSVIG re-

sulted in unanticipated cyanosis necessitating immediate
cardiac intervention.

Several drawbacks are associated with the use of
RSVIG. The drug has to be administered intravenously
with occasional problems to obtain intravenous access.
Also, several hours of hospital admission are required.
The volume which has to be administered can be con-
siderable using the recommended dose of 15 ml/kg.
RSVIG interferes with routine vaccinations. One of the
major drawbacks is the costs associated with the use of
RSVIG. Costs per patient per season range from ap-
proximately $2000 to $6700 dependent upon the pa-
tients weight. The costs for immunisation will exceed the
costs of hospitalisation avoided as a result of prophy-
laxis for most infants [97]. In other words, the use of
RSVIG may not result in net savings in medical re-
sources [55]. The net cost of prophylaxis with the use of
RSVIG seems to be the lowest for preterm infants with
BPD and age <3 months [97]. Robbins et al. [113] cal-
culated the Number-Needed-to-Treat based upon data
from the above mentioned studies. These authors con-
cluded that RSVIG should not be routinely adminis-
tered in premature infants younger than 6 months of age
without BPD since 62.5 infants need to be treated with
RSVIG in order to prevent one hospital admission [113].
Twelve infants with BPD are needed to be treated in
order to prevent one hospital admission.

Monoclonal antibodies

Monoclonal antibodies are used to distinguish between
the two known subtypes of RSV designated A and B. In
animal studies monoclonal antibodies directed at the F
protein were responsible for fusion of the virus to its
host and protection against infection in the absence of
exacerbation of disease [135, 142]. Intranasal adminis-
tration of these monoclonal antibodies resulted in
clearance of the virus from the lungs [25].

IgG monoclonal antibodies

Johnson and coworkers [65] developed a humanised IgG
monoclonal antibody against RSV, designated MEDI-
493. MEDI-493 was initially administered intravenously
in prematurely (O35 weeks gestation) born infants
younger than 6 months of age and infants with BPD
younger than 24 months of age in various doses and
compared to 0.9% saline as a placebo [131]. Few adverse
events were observed. In a consecutive study, intra-
muscularly administered MEDI-493 yielded similar re-
sults [120]. Monthly intramuscular injections of 15 mg/
kg resulted in mean serum concentrations above 40 lg/
ml which in animal models are associated with a 99%
reduction in pulmonary RSV titre.

The clinical e�cacy of MEDI-493 (also known as
palivizumab or Synagis) was investigated by the Impact-
RSV Study Group [63]. A randomised double-blind,

Table 2 Key messages

Treatment of RSV infections
Not indicated because of lack of e�cacy:
Corticosteroids
Vitamin A
INF
Antibiotics
The therapeutic e�cacy of ribavirin has not been demonstrated;

its use is therefore not justi®ed
The therapeutic e�cacy of RSVIG has not been demonstrated;

its use is therefore not justi®ed
The e�cacy of bronchodilators has not been conclusively

demonstrated; however, one dose may be given
to examine its potential e�ect in the individual patient

Prevention of RSV infections
An e�ective vaccine is not available for general use
Prevention of RSV infections may be achieved with RSVIG (750

mg/kg) or monoclonal antibodies (palivizumab, 15 mg/kg)
Both are associated with high costs
E�cacy depends upon (re)hospitalisation rates for RSV in

high-risk children in the local community
Local guidelines have to be developed

Prevention of long-term sequelae by RSV
The e�cacy of ribarivin and corticosteroids to prevent

long-term sequelae by RSV has not been demonstrated
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placebo-controlled trial was performed in 139 centres in
the United States, Canada and United Kingdom which
included 1502 children with a history of premature
birth � 35 weeks and younger than 6 months of age, and
infants with BPD younger than 24 months of age. They
received either 15 mg/kg palivizumab or placebo every
30 days. The results showed a 55% reduction in RSV
hospitalisations for all infants. No deaths were attrib-
utable to the use of palivizumab. The reduction in RSV
hospitalisations was highly signi®cant in the group of
preterm infants (RSV hospitalisation rate of 1.9% for
the palivizumab group versus 8.1% for the placebo
group indicating a 78% reduction, P < 0.001) but
borderline signi®cant in the BPD group (RSV hospital-
isation rate of 7.9% for the palivizumab group versus
12.8% for the placebo group indicating a 39% reduc-
tion, P � 0.038). The number of RSV hospitalisation
days per 100 children (36.4 days in the palivizumab
group and 62.6 days in the placebo group, P < 0.001)
and days with increased supplemental oxygen per 100
children (30.3 days in the palivizumab group and 50.6 in
the placebo group, P < 0.001) were signi®cantly de-
creased in the palivizumab group. However, the number
of intensive care unit admissions was not signi®cantly
di�erent between the treatment and the control group
(1.3% in the palivizumab group and 1.3% in the placebo
group, P � 0.23). The number of infants requiring me-
chanical ventilation was also not altered by palivizumab.
Few adverse events were reported; mainly fever and in-
jection site reaction were observed. The mean serum
concentrations of palivizumab were above 40 lg/ml.

Palivizumab has several advantages over RSVIG. It
can easily be administered and does not interfere with
normal vaccinations. The American Academy of Pedi-
atrics [5] recently recommended the use of palivizumab
for certain indications; however, these recommendations
have been challenged [90], since one major disadvantage
is the high costs. Annual costs are approximately $4500
per patient per season [91]. The Number-Needed-to-
Treat with palivizumab in order to prevent one RSV
hospitalisation was calculated at 17 regardless of the
underlying disease state. This results in a total cost of
more than $77.000 to prevent one hospital admission. In
addition, the observation that palivizumab appears to be
less e�ective in the highest risk group is of concern. The
Number-Needed-to-Treat for patients with BPD and for
patients born before 32 weeks of gestation can be cal-
culated from the IMPACT study and is 20 and 21 re-
spectively. The costs in order to prevent one hospital
admission would then be approximately $90.000 and
$95.000. This indicates that palivizumab is more e�ec-
tive in infants born with a gestational age of 32±35
weeks (Number-Needed-to-Treat � 12) [91]. Local
guidelines for palivizumab have to be developed since
the e�cicacy of palivizumab will depend on the number
of prematurely born infants, rehospitalisation rates and
duration of hospitalisation [53]. For instance, rehospi-
talisation rates in several studies for preterm born in-
fants vary between 3% and 25% [53]. These aspects have

to be taken into account when the economical e�ects of
palivizumab are investigated in order to balance the ef-
®cacy of prophylaxis in the local high risk population
and the costs. Other IgG monoclonal antibodies are
currently under study and/or being tested in healthy
volunteers and may be future candidates for phase III
studies in high-risk infants with RSV infections [24, 34].

IgA monoclonal antibodies

HNK20 is an IgA-monoclonal antibody directed against
two subunits of the F glycoprotein. HNK20 signi®cantly
reduces the virus titre in both upper and lower respira-
tory tract of mice and Rhesus monkeys [147]. So far,
results of human studies with HNK20 have not been
published.

Conclusions

Treatment of RSV infection

Currently no e�ective therapy is available for children
with RSV infections. Treatment of RSV infection
therefore remains mainly symptomatic. Because of their
lack of e�cacy, corticosteroids, vitamin A, INF and
antibiotics are not indicated. Although the routine use of
bronchodilators is not yet supported by evidence-based
data, one may consider their use in the individual pa-
tient. Routine use of ribavirin as a therapy in high-risk
children with RSV infections is no longer indicated.
Administration of this drug may only be considered in
the patient with a T-cell immunode®ciency.

Prevention of RSV infection

Research on the prevention of RSV infections has fo-
cused on active and passive immunisation. Interesting
candidate vaccines include the recombinant vaccine
BB2GNa, the subunit vaccine PFP-2 and cpts candidate
vaccines such as cpts-248, cpts-248/404 and cpts-530/
1009. The recombinant vaccine BB2GNa and the sub-
unit vaccine PFP-2 seem to be e�ective against both
RSV-A and RSV-B leading to adequate levels of neu-
tralising antibody titres in both animal and human
studies. Further studies are necessary to investigate
whether or not these candidate vaccines are truly e�ec-
tive and can be safely applied in infants.

Passive immunisation may be achieved by the ad-
ministration of RSVIG (RespiGam) and monoclonal
antibodies (palivizumab/Synagis) in infants born pre-
maturely (£32 weeks) and children with BPD. RSVIG
should be used with great caution given the high costs
and di�culties with the intravenous route of adminis-
tration. RSVIG is contra-indicated in patients with
(cyanotic) CHD. Palivizumab is the most recent novel
compound licensed for prevention of RSV infections.
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However, extremely large costs are involved when pali-
vizumab is routinely used in high-risk infants. Hence,
cost-e�ectiveness analyses which need to take into ac-
count local and regional di�erences in RSV hospitali-
sation rates in the high-risk population are necessary in
order to determine the appropriate indications for the
use of palivizumab. Furthermore, a European trial on
the e�cacy of palivizumab may be considered since the
severity of RSV infections may di�er between the USA
and Europe [8]. Using data from the USA in a European
cost-e�ectiveness analysis may be misleading.
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