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Abstract Respiratory syncytial virus is an important
cause of hospitalization in preterm infants. Palivizumab, a
humanized monoclonal antibody against the respiratory
syncytial virus fusion protein, is currently the only
licensed product in Europe available for prophylaxis of
respiratory syncytial virus lower respiratory tract infec-
tion. This study was conducted to obtain additional
European data on the safety of palivizumab in preterm
infants 29–32 weeks’ gestational age without chronic lung
disease. Subjects less than 6 months old were enrolled
between October 2000 and April 2001. Demographic
information was obtained and physical examination was
performed at enrollment. Subjects received 15 mg/kg
palivizumab intramuscularly every 30 days for the
duration of the respiratory syncytial virus season. Subjects
hospitalized for respiratory illness were tested for respi-
ratory syncytial virus infection with respiratory syncytial
virus rapid antigen tests. At monthly visits, interim history
for adverse events/respiratory illness and physical exam
was performed. A total of 285 subjects were enrolled
from 35 centers in 18 countries. The mean (€SD)
gestational age was 30.8€1.1 weeks, the mean birth
weight 1.5€0.4 kg, and 56% were <12 weeks of age at
enrollment. Over 80% of patients received at least four
palivizumab doses; all received at least one dose. The
most commonly reported adverse events (>5%) were
rhinitis, increased cough, fever, pharyngitis, bronchiolitis,
and diarrhea. Only six subjects reported adverse events
that were considered possibly related to palivizumab. No
deaths were reported. Twenty subjects were hospitalized
during the study; six of these were respiratory syncytial
virus positive. Palivizumab is safe and well tolerated in
preterm infants 29–32 weeks’ gestation without chronic
lung disease.

Introduction

Respiratory syncytial virus (RSV) is a primary cause of
viral respiratory illness requiring hospitalization in infants
and children worldwide and occurs in annual, seasonal
epidemics. The peak incidence of RSV infection occurs
between 2 and 6 months of age, with half of all infants
becoming infected in the first year of life [1, 2].

RSV is particularly threatening in preterm infants
because of underlying anatomic and immunologic risk
factors. Infants born at 29 to 32 weeks’ gestational age
(wGA) have smaller airways and poorly developed lungs
compared to full-term infants [3, 4]. Substantial pulmo-
nary development occurs in the final stages of pregnancy
(30 wGA to term). Lung volume also increases markedly
in the last trimester from 25 ml to 150–200 ml. The same
is true of alveolar diameter, which increases from 32 �m
to 150 �m.

Preterm infants also have significantly lower serum
IgG immunoglobulin levels during the first several
months of extra-uterine life [5]. RSV IgG antibody is
essential to protect the lower airways from RSV infection.
IgG is transferred from the mother to the fetus only in the
last trimester of pregnancy, and RSV IgG has been shown
to be low or absent in preterm infants less than 32 wGA
[6, 7].

Prevention of serious RSV disease in general has been
problematic, and the inability to develop safe and
effective RSV vaccines stems from several factors [2, 8,
9, 10, 11]. Palivizumab, a humanized monoclonal
antibody specific for the RSV F (fusion) protein, is
currently the only approved pharmaceutical agent avail-
able in Europe for passive prophylaxis against RSV lower
respiratory tract infection. The IMpact-RSV phase III trial
that resulted in EMEA (the European agency for the
evaluation of medical products) approval evaluated the
safety and effectiveness of monthly administration of
palivizumab as prophylaxis for serious RSV illness in
preterm (�35 wGA) infants and children [12]. The results
showed that monthly intramuscular injections of 15 mg/
kg palivizumab during the RSV season reduced the
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incidence of RSV-related hospitalization by 55%. This
study established palivizumab as safe and effective for
prevention of serious RSV illness in premature infants
with and without chronic lung disease.

Infants born at 29 to 32 wGA without chronic lung
disease were not included as a specific subset of the
patients evaluated in the IMpact-RSV study, and
palivizumab safety has not been widely studied clinically
outside of the USA and North America in this population.
Therefore, we conducted the PROTECT (Palivizumab
RSV Open-label Trial of Effectiveness and Clinical
Tolerability) study in 17 European countries and Saudi
Arabia. This was a prospective phase IV study to obtain
additional data on the safety and tolerability of palivizum-
ab in preterm infants between 29 and 32 wGA who were
less than 6 months of age without chronic lung disease.

Materials and Methods

We conducted the PROTECT study in infants born between 29 and
32 wGA and who were less than 6 months of age and without
chronic lung disease at the onset of the RSV respiratory season. The
primary objective was to assess the safety of palivizumab in this
population and compare it with that observed in the IMpact-RSV
Trial [12]. The incidence of RSV disease severity as defined by
need for hospitalization and hospital course was also assessed.
Exclusion criteria included hospitalization or mechanical ventila-
tion (including continuous positive airway pressure) at the time of
enrollment (excluding hospitalization from birth), a diagnosis of
chronic lung disease, active illness/infection (including RSV) at the
time of enrollment, known renal impairment or hepatic dysfunction,
chronic seizure disorder, congenital heart disease, known immu-
nodeficiency, previous treatment/prophylaxis with monoclonal
antibodies other than palivizumab, or life expectancy less than 6
months.

We obtained a medical history and performed a physical
examination on all study subjects prior to the first palivizumab
injection. Subjects were enrolled according to procedures consistent
with local regulatory requirements in their respective countries.
Informed consent from the parent or guardian was obtained for all
subjects. An independent ethics committee that complied with each
country’s regulatory requirements reviewed and approved the
protocol, amendments, informed consent form, and all other forms
of subject information related to the study. The study was
conducted in accordance with the Declaration of Helsinki and its
revisions [13].

Study infants were enrolled to assure that the majority of
subjects would receive their first palivizumab injection prior to the
onset of the RSV season. The study was therefore conducted from
October through April to accommodate length and variation in RSV
epidemics across the different countries participating in the trial.
On the first day of enrollment into the study, palivizumab was
administered 15 mg/kg intramuscularly in the anterolateral area of
the thigh as per standard pediatric nursing practice. The study drug
dose was calculated based on the child’s current weight (to the
nearest 0.01 kg) using the following formula: dose (ml) = [patient
weight (kg) � 15 mg/kg] � study drug concentration (100 mg/ml).
Injection volumes over 1 ml were to be given as a divided dose. The
injections were administered approximately every 30 days for the
duration of the RSV season (winter through early spring). Vital
signs were assessed immediately prior to as well as 30 min after
each injection. Subjects remained in the office for observation
during the 30-min postinjection period.

Subjects’ parents were instructed to report any abnormalities to
study personnel between study visits over the telephone and to
bring the child to the study site if medical evaluation was necessary
(as medical urgency allowed). Additionally, at each monthly visit,

subjects were monitored for clinical and laboratory evidence of
adverse events. Physical exams (vital signs, weight, respiratory
rate, chest exam) were performed. Medical records were confirmed
for all unscheduled visits to clinics or emergency facilities. Subject
monitoring for adverse events continued for 30 days following the
final palivizumab injection.

Study physicians defined the criteria for hospitalization for
respiratory illnesses. All sites were supplied with Abbott Testpack
RSV kits (Abbott, USA). The reported sensitivity of this kit is
94.3%, and the specificity is 95.3% (Abbott Testpack RSV
Immediate Care Diagnostics, package insert, June 2000). Subjects
hospitalized for respiratory illnesses or infections were evaluated
for RSV infection by RSV rapid antigen detection in respiratory
secretions. Infants hospitalized for lower respiratory tract illness
were monitored for total days of hospitalization and need for
intensive care unit stay, supplemental oxygen, or mechanical
ventilation. We continued to monitor hospitalized patients for
adverse events according to the protocol, and patients continued to
receive monthly palivizumab injections according to schedule.

Statistical Analysis

This was an “intent-to-treat” study; therefore all patients who
received at least one palivizumab injection were included in the
statistical analysis. Baseline characteristics were summarized using
mean, standard deviation, median, range for continuous variables,
and frequency and percentage for categorical variables. Outcomes
data were summarized.

Safety Analysis

Adverse events were summarized by body system, COSTART V
(Coding Symbols for Thesaurus of Adverse Reaction Terms,
Dictionary Version 5) term, severity, and relatedness to study drug.
Listings of serious adverse events reported during the study and
their relatedness to study drug were provided. Serious adverse
events were defined as any adverse event that resulted in death, life-
threatening situation, inpatient hospitalization, persistent or signif-
icant disability or incapacity, congenital anomaly or birth defect, or
other medically important events.

Results

A total of 285 subjects were enrolled in the study at 35
centers from 17 European countries and Saudi Arabia
during the 2000–01 respiratory season. This study was
designed as “intent-to-treat,” and all 285 subjects were
included in the final analysis. All 285 subjects received at
least one palivizumab injection, and 83% received four or
five doses. No deaths were reported.

Demographic characteristics for the study population
are presented in Table 1. Twenty-four of the 285 subjects
did not complete the study: 12 withdrew consent, two
discontinued due to adverse events, five were lost to
follow-up, and five withdrew for other reasons. The two
patients who discontinued for adverse events did so for
the following reasons: the first patient had a gastrointes-
tinal disorder with peripheral edema and apnea of
moderate severity not related to the study drug; the
second patient experienced high fever lasting 15 h after
receiving her third dose of palivizumab. The episode was
considered to be moderately severe and to be probably
related to the study drug.
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The most commonly reported adverse events (reported
by >5% of subjects) were rhinitis (18%), increased cough
(10%), fever (7%), and diarrhea, bronchiolitis, and
pharyngitis (each 5%). The majority of reported adverse
events were mild to moderate in severity. The adverse
events that were considered by the investigator possibly
or probably related to palivizumab and their severity
classification are summarized in Table 2.

Twenty subjects were hospitalized for respiratory-
related infections during the study (3 subjects were
hospitalized twice). Six subjects who were hospitalized
were RSV positive and 17 were RSV negative. Two of the
RSV-positive subjects were hospitalized twice, but RSV
was not the cause in the second hospitalization. One of the
RSV-positive subjects was hospitalized for an upper
respiratory infection, while the other five had lower
respiratory tract infection, resulting in an incidence of

RSV lower respiratory tract infection-related hospitaliza-
tion of 1.8%. A large number of study infants had
epidemiological and demographic factors known to
predispose them to greater risk for hospitalization caused
by RSV [2]. Such factors included multiple birth status
(28% twin and 6% triplet or greater), two or more siblings
in household (27%), siblings in daycare (17%), smokers
in household (36%), and smoker as the primary caregiver
(16%).

Hospital courses of non-RSV and RSV-positive pa-
tients were compared, but the sample sizes were too small
to conduct statistical analyses. Patients with RSV infec-
tion tended to experience longer hospital stays than those
without RSV: 8.3, 9.0, and 35.5 days vs. 8.1, 2.3–41.6
days (median, range). It should be noted, however, that
data are only available on three of six RSV-positive and
12 of 17 RSV-negative hospitalizations. A higher pro-
portion of RSV-positive patients required supplemental
oxygen (33.3% vs. 23.5%), and requirement for oxygen
therapy was longer (7.5, 6.0–9.0 days vs. 3.0, 1.0–5.0
days). Two RSV-positive patients required intensive care
unit admission and mechanical ventilation, while no
RSV-negative patients required such care.

Discussion

This multinational European study was designed to
confirm that palivizumab is safe and well tolerated [12].
Our study specifically targeted preterm infants 29 to
32 wGA and less than 6 months of age without chronic
lung disease because little European data are currently
available on the safety of palivizumab in this expanding
and important subset of high-risk subjects.

The high rate of adverse events not related to
palivizumab observed in this study population under-

Table 2 Summary of subjects
with adverse events (AE) pos-
sibly or probably related to the
study drug

Body system
affected

COSTART V classification Severity of AE, degree of
seriousness, comments

Possibly related (no.) Probably related (no.)

Body as a whole

Fever 0 1 moderate, not serious
Infectiona 1 0 severe, serious, RSV

hospitalization
Digestive system

Enteritis 1 0 mild, not serious

Respiratory system
Bronchiolitisa 1 0 severe, serious, RSV

hospitalization
Bronchitisb 1 0 mild, not serious
Increased cough 1 0 mild, not serious
Pneumoniac 1 0 severe, serious, bacterial
Rhinitisb 1 0 mild, not serious

Other

Conjunctivitisc 1 0 severe, serious, bacterial

COSTART V, Coding Symbols for Thesaurus of Adverse Reaction Terms, Dictionary Version 5
a Events occurred in the same subject
b Events occurred in the same subject
c Events occurred in the same subject

Table 1 Demographic characteristics of the 285 subjects at
enrollment

Characteristic

Gestational age in weeks (mean€SD) 30.8€1.1
Birth weight in kg (mean€SD) 1.51€0.37
Age (weeks) at enrollment (mean€SD) 12.1€7.3
<12 weeks 160 (56%)
€12 weeks 125 (44%)

Sex

Male 151 (53%)
Female 134 (47%)

Race

Caucasian 257 (90%)
African 2 (1%)
Asian/Pacific Islander 10 (4%)
Mixed 1 (0.4%)
Other 15 (5%)

416



scores the underlying fragility of these preterm infants.
These were similar to those seen in the pivotal phase III
palivizumab trial [12]. Palivizumab use, however, was
again associated with a low incidence of drug-related
adverse events. This population of European infants
tolerated the drug well, and very few subjects (0.7%)
discontinued palivizumab because of adverse events.
These results suggest that infants born 29 to 32 wGA
without chronic lung disease tolerate palivizumab well.

Preterm infants born 29 to 32 wGA who received
palivizumab prophylaxis had a low incidence of RSV-
related hospitalizations in this study (1.8%), a finding
comparable to that observed in the pivotal trial conducted
in North America and the UK [12]. This observation must
be qualified by the facts that there was no control group in
the present study and that hospitalizations occurred across
different countries and different respiratory seasons.

We conclude that palivizumab use is safe in infants
born at 29–32 wGA. The availability of palivizumab as
RSV prophylaxis represents an important medical ad-
vance in the management of this high-risk preterm infant
population.
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