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Abstract Background: Palivizumab reduces respiratory syncytial virus (RSV) hos-
pitalisations in high-risk infants. Those with severe bronchopulmonary dysplasia
may require two seasons of prophylaxis. There is concern that this humanised
antibody might cause an adverse immune response in a second season of use.
Objective: To evaluate and compare the occurrence of anti-palivizumab antibod-
ies and clinical adverse events in subjects receiving monthly palivizumab injec-
tions for a first and second season, and to assess frequency and severity of RSV
disease in the two groups.
Design and Patients: Subjects aged ≤2 years at severe risk for RSV disease were
designated as first season (no previous palivizumab exposure) or second season
subjects (received palivizumab in previous RSV season). Palivizumab injections
(15 mg/kg) were administered monthly for up to 5 months. Anti-palivizumab
antibody titres and serum palivizumab concentrations were measured; adverse
events were recorded.
Results: No first (n = 71) or second (n = 63) season subjects experienced a
significant anti-palivizumab antibody response (titre ≥1 : 80). Serum pal-
ivizumab concentrations were similar for the two groups. Nine (12.7%) first
season and 8 (12.7%) second season subjects experienced one or more serious
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adverse events; most were respiratory and all were considered to be not or prob-
ably not related to palivizumab. No deaths occurred during the study.
Conclusions: Monthly palivizumab injections were not associated with adverse
immune responses or adverse events in young children receiving palivizumab for
one or two seasons. Children receiving palivizumab for a second season did not
experience more severe adverse events than those receiving it for the first time.

Background

Respiratory syncytial virus (RSV) infection
represents a large public health burden worldwide,
with seasonal outbreaks occurring from winter
through early spring in temperate climates and dur-
ing the rainy season in tropical climates.[1] RSV
illness is estimated to result in more than 125 000
hospitalisations annually in the US alone.[2] RSV
is estimated to cause up to 90% of all childhood
bronchiolitis and up to 40% of all paediatric pneu-
monias.[3] Severe RSV illness commonly occurs
among infants during their primary infection in the
first year of life. However, certain high-risk popu-
lations experience serious RSV lower respiratory
tract infection in a second season also.[4-6] Infants
and children born prematurely and those with
bronchopulmonary dysplasia (BPD), also known
as chronic lung disease, and congenital heart dis-
ease are at particularly high risk for serious RSV
infection and reinfection.[4-8]

In view of the lack of success in developing an
RSV vaccine,[9] passive immunoprophylaxis was
pursued. An anti-RSV humanised monoclonal an-
tibody, palivizumab (Synagis®,1 MedImmune,
Gaithersburg, MD, USA), has recently been devel-
oped, which neutralises the RSV and prevents fu-
sion with respiratory epithelial cell membranes,
thus inhibiting viral replication and spread. This
antibody was created using genetic engineering, in
which the complementarity determining regions
(CDRs) of a mouse antibody gene were inserted
into a human IgG1 gene framework.[10] The anti-
body molecule produced by the recombinant gene
has only 5% homology with the mouse antibody.

Nevertheless there is a theoretical, although un-
likely, possibility that upon repeated exposure to
this antibody, a human would mount an immune
response to the mouse components. Presence of
anti-palivizumab antibody could potentially cause
clinical symptoms (e.g. allergic reaction, anaphy-
laxis), or reduce the plasma palivizumab concen-
tration to levels that are no longer protective,
which could result in increased incidence or sever-
ity of RSV disease. Preclinical studies suggested
that a serum concentration of 40 µg/mL was the
minimum to be protective.

In a large phase III study, palivizumab, admin-
istered intramuscularly every 30 days for 5 months
reduced RSV hospitalisations in high-risk infants
by 55%.[11] There were no significant differences
in type or incidence of adverse events between the
control and treatment groups. However, this study
was conducted over only one RSV season.

Guidelines have been issued providing palivi-
zumab usage recommendations for the prevention
of severe RSV lower respiratory tract disease in
certain high-risk populations.[12,13] They recom-
mend that children with BPD requiring medical
intervention (bronchodilators, corticosteroids,
supplemental oxygen, diuretics) at the onset of
the RSV season receive prophylaxis up to the age
of 24 months. Hence, some children with severe
BPD will receive palivizumab prophylaxis for
more than one RSV season. We undertook this
study to evaluate and compare the occurrence of
anti-palivizumab antibodies and clinical adverse
events in subjects receiving monthly palivizumab
injections for a first and second season, and to as-
sess frequency and severity of RSV disease in the
two groups.

1  Use of tradenames is for product identification only and
does not imply endorsement.
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Patients and Methods

This multicentre, open-label study was con-
ducted at 14 sites in Europe and Canada during the
1999–2000 RSV. The Institutional Review Board
at each site approved the protocol and the study
was conducted in accordance with the Declaration
of Helsinki and the International Conference on
Harmonisation (ICH) Guidelines for Good Clini-
cal Practice.[14] Each child’s parent or legal guard-
ian provided informed consent prior to enrolling
the child in the study.

Children were eligible for study enrolment if
they were aged ≤2 years, born at ≤35 weeks’ ges-
tation and had BPD requiring medical intervention
or management within the 6 months prior to the
start of the RSV season (beginning of the study) or
were judged by the investigator to be at risk for
serious RSV infection. There is general acceptance
that children with these characteristics are appro-
priate candidates for RSV prophylaxis. Subjects
were assigned to the first season group if they were
receiving palivizumab for the first time. Subjects
were assigned to the second season group if they
had received two or more injections of pal-
ivizumab in the previous season (1998–1999 RSV
season) through either a palivizumab expanded ac-
cess programme or a named patient programme.
Efforts were made within each study site to match
subjects between the two groups for gestational
age and sex. Subjects were excluded if they were
hospitalised, required mechanical ventilation, or
had an active illness or infection (including RSV
infection) at the time of enrolment. Additional ex-
clusion criteria included known renal impairment,
hepatic dysfunction, chronic seizure disorder, con-
genital heart disease, immunodeficiency, allergy
to palivizumab, treatment with respiratory syncy-
tial virus immune globulin intravenous (RSV-
IGIV) within 3 months prior to enrolment, or pre-
vious treatment with monoclonal antibodies other
than palivizumab. Although representing a size-
able population of infants at continued risk for
RSV lower respiratory tract infection, children
with congenital heart disease were also excluded

since the benefit of palivizumab in this population
had not been evaluated at the time of this study.

Subjects received up to five palivizumab injec-
tions at 25- to 30-day intervals. At each study visit,
an updated medical history was obtained, adverse
events, concomitant medications, and supplemen-
tal oxygen use were recorded, and a physical ex-
amination was performed. Prior to palivizumab ad-
ministration at the first (i.e. baseline), second, and
fifth visits, blood was collected for trough pal-
ivizumab concentrations and anti-palivizumab
antibody titres. Palivizumab (15 mg/kg) was ad-
ministered at each visit by intramuscular injection
and subjects were observed for 30 minutes follow-
ing the injection. Patients were followed for a max-
imum of approximately 150 days, continuing
through 30 days after the final injection. Subjects
who were hospitalised for respiratory infection
were maintained on the same injection and evalu-
ation schedule unless medically contraindicated.

Criteria for hospitalisation were at the individ-
ual discretion of the responsible physician. Sub-
jects hospitalised for respiratory illness had naso-
pharyngeal samples (aspirates, washes, or swabs)
collected using standard procedures.[15-17] These
samples were tested for RSV antigen using the
Abbott TESTPAK® RSV kit (Abbott Laboratories,
Abbott Park, IL, USA) or the facility’s standard
rapid antigen method. When a negative result was
obtained, retesting was repeated at the physician’s
discretion. Details of the subject’s hospitalisation,
including length of stay, time in intensive care, re-
spiratory symptoms, mechanical ventilation re-
cord, and supplemental oxygen use were recorded
and blood samples were collected for serum pal-
ivizumab measurements.

Serum anti-palivizumab antibody levels were
measured using an ELISA as described pre-
viously.[18] Briefly, microtitre plates were coated
with palivizumab as the capture antigen and
blocked with phosphate-buffered saline-Tween-
0.5% BSA. Patient samples, diluted 1 : 10, were
added. Bound material was probed with horserad-
ish peroxidase-conjugated palivizumab and devel-
oped with the chromogenic substrate 3,3′,5,5′-
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tetramethylbenzidine. Samples with a positive re-
sponse at the 1 : 10 dilution were serially diluted
and reassayed to determine the endpoint titre. Re-
sults were reported as corrected values (i.e. with
the baseline subtracted). A significant titre was de-
fined as ≥1 : 80 occurring at any timepoint in the
study, based on previous experience evaluating
anti-palivizumab antibody formation in adults and
children.[19,20]

The primary objective of the study was to deter-
mine whether patients receiving palivizumab pro-
phylaxis for the first or second season developed
significant levels (defined as titre ≥1 : 80) of anti-
palivizumab antibodies. The secondary objective was
to evaluate the relationship, if any, of plasma pal-
ivizumab concentrations and/or anti-palivizumab
titres to serious adverse events. Indicators of dis-
ease severity (total days of RSV hospitalisation,
frequency and total days of intensive care unit stay,
need for supplemental oxygen, and/or mechanical
ventilation) were collected for assessment of sec-
ondary efficacy endpoints.

Adverse events were mapped to the WHO ad-
verse event directory by preferred term and body
system. Adverse events and serious adverse events
were summarised by study group, severity, and re-
lationship to study drug. A serious adverse event
was one that resulted in death, was life-threatening,
resulted in hospitalisation or prolonged hos-
pitalisation, caused persistent or significant dis-
ability/incapacity, or other medically important
events. The severity of an adverse event was to be
rated as mild, moderate, or severe, based on the
investigator’s clinical judgment. A mild event was
transient and easily tolerated by the patient. A
moderate event caused discomfort and interrupted
the patient’s usual activities. A severe event caused
considerable interference with the patient’s usual
activities and may have been incapacitating or life-
threatening (in which case it was also considered
serious). Severity and causality was based on the
investigators’ clinical judgment.

Statistical Methods

Comparisons between groups were conducted
using a Chi-square or Fisher’s Exact Test for pro-
portions and a t-test or Kruskal-Wallis test for cen-
tral values. Sample size was based on previous pal-
ivizumab clinical trials with design similar to this
study.

Results

A total of 134 subjects were enrolled in the
study, 71 as first season subjects and 63 as second
season subjects. Ninety-nine percent of the first
season and 94% of the second season subjects com-
pleted the study. Subjects withdrew from the study
due to either loss to follow-up (one first season
subject) or personal reasons (four second season
subjects). All enrolled subjects were included in
the safety evaluations.

Table I illustrates subject demographics and
treatment. Significant differences were observed
for age and weight at enrolment, gestational age
and birth weight between first and second season
subjects. Sex and race were similar between the
two groups. The majority of subjects in both
groups received five injections of palivizumab dur-
ing the study (see table I).

Mean serum palivizumab concentrations mea-
sured at scheduled study visits were similar for
the two groups (table II). No significant anti-
palivizumab immune responses (antibody titre
≥1 : 80) were observed for any subject in either
group at any timepoint. Only four patients had at
least one sample with a positive titre of 1 : 10 or
greater. Two patients had initial antibody titres of
1 : 40 and 1 : 80, respectively, which subsequently
fell to <1 : 10 while receiving palivizumab pro-
phylaxis. The third patient had an initial titre of
<1 : 10, with a subsequent result of 1 : 10. The
fourth patient had an initial titre 1 : 10, with a value
of 1 : 20 upon subsequent testing. The first, second
and third patient were each from the second season
group. The fourth patient was from the first season
group. No serious adverse events or immune re-

286 Lacaze-Masmonteil et al.

 Adis International Limited. All rights reserved. Drug Safety 2003; 26 (4)



actions were temporally related to these low-level
titres.

There were 19 hospitalisations in 12 subjects
for respiratory illness (six from the first season
group and six from the second season group).
Three subjects from the first season group and one
from the second season group were hospitalised
more than once for respiratory illness. Initially, for
13 of the hospitalisations, patients tested negative
for RSV antigen; of these, there were six retests
and one was positive. A total of five tested positive
for RSV antigen, 12 were RSV negative, and re-
sults were unavailable in two cases. There were no
significant differences between first season and
second season subjects for the incidence of
hospitalisation for RSV antigen-positive respira-
tory illness (1 [1.4%] first season vs 4 [6.3%] sec-
ond season, p = 0.187, Fisher’s Exact Test), or for
the length of hospitalisation for respiratory
illnesses (5.0 days first season vs 3.8 days second
season, p = 0.468, Kruskal-Wallace).

A total of 23 subjects (32.4%) in the first season
group and 33 subjects (52.4%) in the second sea-
son group experienced one or more adverse events
during the study. The majority of adverse events
were mild or moderate in severity (90%) and con-
sidered to be unrelated to the administration of pal-
ivizumab (92%). The most common adverse
events (reported by ≥5% of subjects) are listed in
table III.

Nine first season subjects (12.7%) and eight
second season subjects (12.7%) experienced one
or more serious adverse events during the study

Table I. Subject demographics and treatment

First season palivizumab 
(n = 71)

Second season palivizumab 
(n = 63)

Mean (SEM) [range] age at enrolment (mo)a 7.7 (0.53) [1.0–18.0] 15.9 (0.42) [11.0–33.0]

Mean (SEM) [range] weight at enrolment (kg)a 5.7 (0.26) [2.2–10.5] 8.6 (0.15) [6.1–12.0]

Mean (SEM) [range] gestational age (wk)b 29.3 (0.36) [24.0–37.0] 27.9 (0.34) [23.0–36.0]

Mean (SEM) [range] birth weight (kg)c 1.3 (0.07) [0.5–3.0] 1.1 (0.05) [1.0–2.5]

Sex
No. (%) of males 40 (56.3) 35 (55.6)

No. (%) of females 31 (43.7) 28 (44.4)

Race
No. (%) of White subjects 59 (83.1) 54 (85.7)

No. (%) of Black subjects 6 (8.5) 5 (7.9)

No. (%) of Asian subjects 3 (4.2) 1 (1.6)

No. (%) of other race subjects 3 (4.2) 3 (4.8)

Number of palivizumab injections
No. (%) subjects receiving 2 injections 0 (0.0) 4 (6.3)

No. (%) subjects receiving 3 injections 8 (11.3) 1 (1.6)

No. (%) subjects receiving 4 injections 21 (29.6) 14 (22.2)

No. (%) subjects receiving 5 injections 42 (59.2) 44 (69.8)

a p = 0 0.0001 Student’s t test.

b p < 0.005 Student’s t test.

c p < 0.05 Student’s t test.

Table II. Mean (SEM) serum palivizumab concentrations (µg/mL)
measured at scheduled study visits prior to administration of next
dose

First season
palivizumab

Second season
palivizumab

Day 0 0.0 (0.00) 
[n = 32]

0.0 (0.00) 
[n = 44]

Day 25–30 51.8 (2.54) 
[n = 48]

55.0 (2.98) 
[n = 49]

Day 100–120 104.5 (6.90) 
[n = 40]

89.9 (5.83) 
[n = 43]
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(table IV). All events were related to the need for
hospitalisation. The majority of the events were
related to the respiratory system, were mild or
moderate in severity, and all were considered to be
not or probably not related to palivizumab. No

deaths occurred during the study. All serious ad-
verse events were resolved and no subject discon-
tinued the study due to an adverse event. All sub-
jects who were hospitalised for respiratory
infection had their illness recorded as a serious ad-
verse event. One subject from the first season
group required admission to an intensive care unit
for a severe case of bronchiolitis and required sup-
plemental oxygen and mechanical ventilation that
was considered to be life threatening. The caus-
ative agents were presumed to be adenovirus (pri-
mary) and a secondary nosocomially-acquired
Staphylococcus aureus infection. This event was
not related to study drug and was successfully
treated with medication and mechanical venti-
lation.

The adverse events that were considered by the
clinical investigator to be probably or possibly re-
lated to palivizumab are summarised in table V.
Events not assigned causality were classified as
related. All related adverse events were mild or
moderate in severity. No serious adverse events

Table III. Adverse events reported by ≥5% of subjects in either
study group

Number (%) of subjects
first season
palivizumab 
(n = 71)

second season
palivizumab 
(n = 63)

Body as a whole
Fever 0  6 (9.5)
Infection 3 (4.2)  6 (9.5)

Respiratory system
Asthma 1 (1.4)  4 (6.3)
Bronchiolitis 5 (7.0)  4 (6.3)
Bronchitis 8 (11.3) 12 (19.0)
Cough increased 3 (4.2)  6 (9.5)
Pharyngitis 3 (4.2)  5 (7.9)
Respiratory disorder 2 (2.8)  4 (6.3)
Rhinitis 4 (5.6) 10 (15.9)

Special senses
Otitis media 7 (9.9)  6 (9.5)

Table IV. Serious adverse events

Subject number Age (mo) Event

First season palivizumab
1  9 Lower respiratory tract infection, asthma attack

2 11 Bronchiolitis, BPD aggravation (2 events), respiratory impairment

3 10 Bronchiolitis, nosocomial infection, circulatory failure, arterial pulmonary hypertension 
BPD aggravation, nosocomial infection, oesophagitis

4 16 Bilateral otitis media

5 10 Gastroenteritis

6 13 Bronchitis

7  3 Diarrhoea, vomiting, decreased appetite, lethargy

8  2 Bronchiolitis

9  2 Bronchiolitis, barking cough, stridor, vomiting, change in eating habits

Second season palivizumab
1 16 Lower respiratory tract infection

2 17 Fever, diarrhoea

3 15 Bronchiolitis

4 15 Bronchiolitis

5 16 BPD aggravation, influenza

6 15 Rotavirus gastroenteritis

7 14 RSV bronchiolitis, rhinitis, pneumonia

8 15 Bronchiolitis

Fever, bronchiolitis

BPD = bronchopulmonary dysplasia; RSV = respiratory syncytial virus.
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were judged by the investigator to be related to
palivizumab.

Discussion

This multicentre, open-label study was under-
taken to evaluate and compare the occurrence of
anti-palivizumab antibodies and immunologic re-
actions in high-risk children receiving pal-
ivizumab during a first and second RSV season.
All children in this study were at serious risk for
RSV infection, primarily because of BPD. The dif-
ferences observed in age and weight at enrolment
were anticipated, because the second season chil-
dren were receiving prophylaxis in their second
year of life, whereas the first season subjects were
in their first year of life. Although attempts were
made to match subjects between the two groups for
gestational age, the mean gestational age in the
second season group was significantly lower than
that of the first season group (27.9 vs 29.3 weeks,
p < 0.005). Birth weight was also different (1.1kg
second season vs 1.3kg first season, p < 0.05). This
observation is not surprising, as the infants who
have severe BPD persisting into the second year of
life are more likely to have been born extremely
premature and low birth weight.[4] Many of the

children in the first season group may overcome
their BPD by their second year.

No significant anti-palivizumab antibodies
were observed between the first and final doses of
palivizumab in either season, nor was antibody
titre boosting observed. Further, no evidence of
antibody interference with serum palivizumab
concentrations was observed. Trough serum palivi-
zumab concentrations were adequate (>40
µg/mL)[10] and comparable between the two
groups. These findings suggest that the murine
component of the humanised monoclonal antibody
palivizumab is not immunogenic. This observation
is expected, if one considers that all human IgG1

antibodies differ only in the CDR region and that
in palivizumab, it is only the CDRs that are of mu-
rine origin: >95% of the antibody is human se-
quences.

No evidence of clinically significant immuno-
logical reactions was observed in this study. The
incidence and type of adverse events was as ex-
pected for this type of population. The most com-
mon events were those related to the respiratory
system, which is to be expected, given the high
prevalence of prematurity and BPD in the study
population.[21,22] The majority of reported adverse
events were mild or moderate in severity and most
were considered to be unrelated to the administra-
tion of palivizumab. With one exception (ataxia),
all events that were considered to be possibly re-
lated to palivizumab were similar to those most
frequently observed in the IMpact-RSV trial.[11]

Seventeen subjects (nine first season and eight sec-
ond season) had serious adverse events requiring
hospitalisation. Children receiving palivizumab
for a second season did not experience more seri-
ous adverse events than those children receiving it
for the first time. The majority of the serious ad-
verse events involved the respiratory system, and
all were considered to be not or probably not re-
lated to palivizumab.

The incidence of BPD continues to increase as
a result of improved survival of very low birth
weight infants.[23] Law et al. showed that lower
gestational age, young postnatal age and presence

Table V. Adverse events considered related to treatmenta

Number of subjects

first season
palivizumab 
(n = 71)

second season
palivizumab
(n = 63)

Body as a whole 2 2
Fever 0 2

Infection 1 0

Injection site reaction 1 0

Digestive system 1 1
Diarrhoea 1 0

Anorexia 0 1

Respiratory system 0 1
Epistaxis 0 1

Nervous system 0 1
Ataxia 0 1

a All adverse events considered by the clinical investigator to
have probable, possible relationship. Events not assigned
causality were classified as related.
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of BPD contribute independently to RSV disease
severity.[24] The observation in this study that four
children with BPD were hospitalised with RSV ill-
ness in a second season underscores their persistent
vulnerability and that their risk for serious RSV
disease extends beyond the first year of life.[4]

This study appears to confirm that palivizumab
prophylaxis is safe when administered to children
over two consecutive seasons. Palivizumab did not
stimulate an immune response and did not appear
to be associated with any allergic reaction. Serum
palivizumab concentrations were similar and ade-
quate for both groups. Children receiving pal-
ivizumab for a second season did not experience
more severe adverse events than those receiving it
for the first time. RSV illness occurs frequently in
the highest risk subjects – those with BPD. This
observation supports recommendations set forth in
established usage guidelines for palivizumab.[12,13]
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