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Abstract
Respiratory syncytial virus (RSV) infection is an important cause of hospitalization in infants and young children. Monthly
administration of palivizumab during the RSV season is effective in preventing severe infections in children with comorbidities.
However, determining the onset of the RSV season for starting palivizumab is often challenging. The present study aimed to evaluate
the ideal timing to start palivizumab and its effect on hospitalization in the real world.
We performed a retrospective, observational study to identify the relationship between the timing of the first dose of palivizumab

administration and RSV-related hospitalization. Medical records from 2015 to 2019 were reviewed. We included patients who had
indications for palivizumab as of July 1 in each year. We counted the proportion of children receiving palivizumab and the number of
RSV infection-related hospitalizations eachmonth. We also evaluated the differences in background and underlying disease between
children with and without hospitalization.
A total of 498 patients were included, and 105 (21.0%) completed the first dose in July when the RSV season usually begins in

Japan. Twenty-three (4.6%) patients were hospitalized for RSV infection during the observation period, with 13 (56.5%)
hospitalizations before their first dose of palivizumab. The remaining 10 patients were hospitalized after receiving 1 or more doses of
palivizumab. Children living with siblings and children with cyanosis originating from congenital heart disease had a higher risk of RSV
with odds ratios of 5.1 (95% confidence interval 1.48-17.6, P< .01) and 3.3 (95% confidence interval 1.33-7.94, P< .01),
respectively.
Delays in administering palivizumab at the beginning of the season increases the rate of RSV infection-related hospitalization. To

maximize prophylactic effectiveness, administering the first dose as early as possible in the RSV season is crucial, with priority for
cyanotic children or those with siblings.

Abbreviations: CHD = congenital heart disease, RSV = respiratory syncytial virus.
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1. Introduction
Respiratory syncytial virus (RSV) is the leading cause of
respiratory tract infections in infants, with nearly all cases
occurring before 2years old.[1] Preterm birth, chronic lung
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disease, congenital heart disease (CHD), immunocompromised
status, and Down syndrome are significant risks for severe RSV
infection.[2–4] Children with these underlying medical conditions
are more susceptible to severe lower respiratory tract infections,
conflicts of interest to disclose.

from the corresponding author on reasonable request.

Hospital, Fukuoka, Japan, b Department of Pediatrics, Graduate School of Medical
Children’s Hospital, Fukuoka, Japan, d Department of Pediatric Cardiology,

y Medicine, Fukuoka Children’s Hospital, 5-1-1, Kashii-Teriha, Higashi-ku,

ttribution-Non Commercial License 4.0 (CCBY-NC), where it is permissible to
The work cannot be used commercially without permission from the journal.

hata Y, Sagawa K, Furuno K. Effect of delayed palivizumab administration on
l study. Medicine 2021;100:47(e27952).

ovember 2021

https://orcid.org/0000-0001-5224-6000
https://orcid.org/0000-0001-5224-6000
https://orcid.org/0000-0003-3991-8348
https://orcid.org/0000-0003-3991-8348
mailto:furuno.k@fcho.jp
http://dx.doi.org/10.1097/MD.0000000000027952


Kamori et al. Medicine (2021) 100:47 Medicine
which are potentially fatal.[4–6] There is no specific treatment for
RSV infection. Currently, prevention of severe disease can be
achieved by administering palivizumab, which is an anti-RSV
monoclonal antibody.[7]

Palivizumab has been approved by the Japanese healthcare
insurance system to prevent severe RSV infections in preterm
infants and in patients with bronchopulmonary dysplasia since
2002. Palivizumab has also been approved in patients with CHD
since 2005 and in patients with immunodeficiency disease and
Down syndrome since 2013. Guidelines recommend that the first
dose of palivizumab should be administered at the beginning of
the RSV season.[8,9] However, determining the onset of the RSV
season is difficult because the timing varies from year to year and
differs with geographical location. Gutfraind et al[9] investigated
the optimal timing of palivizumab administration using a
mathematical modeling study. They concluded that their
modified palivizumab regimens improved protection for children
at risk for severe outcomes of RSV infection.[9] However, their
mathematical model regimens have not been proven to be
effective in the real world, and their data suggest that there is
potential for further refinement in the currently recommended
regimens.
The present study primarily aimed to verify the hypothesis that

a delay in palivizumab administration increases the incidence of
RSV-related hospitalization. This study also aimed to investigate
whether underlying medical conditions or the presence of siblings
are risk factors for RSV-related hospitalization in a specific
population living in a particular area with similar exposure to
RSV infection. The results of this study will provide critical
information for determining the optimal timing of initiation and
duration of palivizumab administration.
2. Materials and methods

We performed a retrospective, observational study in a Child-
ren’s Hospital in Fukuoka, Japan. Study protocols were
approved by the Fukuoka Children’s Hospital Institutional
Review Board (#2019-64). The inclusion criteria were as follows:
children who received palivizumab from 2015 to 2019 at
Fukuoka Children’s Hospital; and children who were already
under outpatient management as of 1 July in each year. The
indications for palivizumab administration under the Japanese
healthcare insurance system were one of the following: infants
(�12months) born before 29 weeks’ gestation; infants (�6
months) born between 29 and 35 weeks’ gestation; children (�2
years) who were treated for bronchopulmonary dysplasia within
the past 6months; children (�2years) with hemodynamically
significant CHD; children (�2years) with immunodeficiency;
and children (�2years) with Down syndrome.
To reduce the bias due to RSV exposure status, we used the

following exclusion criteria: children who were administered
palivizumab during hospital admission owing to an underlying
medical condition; children who did not receive their first dose of
palivizumab in our hospital; children who lived outside of
Fukuoka Prefecture; children who did not visit the regular
outpatient clinic for palivizumab administration; children who
were hospitalized for longer than 4weeks for reasons other than
RSV infection; and children who had undergone radical cardiac
surgery and their hemodynamic abnormalities were resolved.
The timing of starting palivizumab, background information,

and the clinical course of these patients up to March of the
following year were reviewed in the electronic medical records.
2

Patient information collected from the medical records included
sex, underlying medical conditions, family history, group
childcare use, cyanosis and home oxygen use, surgical history
and planned surgery, gestational week at birth, and residence
area. During the observation period, we reviewed the details of
palivizumab administration, RSV infection-related hospitaliza-
tion and treatment, hospitalization for other diseases, and
surgery.
3. Analysis

We evaluated the proportion of children receiving palivizumab
and the number of RSV-related hospitalizations each month.
Results are presented as numbers and proportions for categorical
data and asmedians and interquartile ranges for continuous data.
Data analyses were performed using EZR (Saitama Medical
Center, Jichi Medical University, Saitama, Japan, version 1.40),
which is a graphical user interface for R (The R Foundation for
Statistical Computing, Vienna, Austria, version 3.5.2).[10]

Demographic data and risk factors for RSV infection were
compared between patients with and without hospitalization for
RSV using the independent sample t test, Mann–Whitney U test,
and Pearson x2 test. Seasonal hospitalization rates were
compared by Fisher exact test (2-sided). Multivariable logistic
regression analysis adjusted for having siblings, cyanosis
originating from CHD, and preschool was also performed to
identify the determinants for hospitalization due to RSV
infection. A 2-tailed P value< .05 was considered statistically
significant.
4. Results

A total of 1086 patients met the indications for palivizumab as of
June 1 in each year. Of these, 588 patients who met the exclusion
criteria were excluded from the study (Fig. 1). The primary
indications for palivizumab were 277 for CHD, 169 for preterm
without CHDor 21trisomy, and 52 for 21 trisomywithout CHD.
No patients took palivizumab for immunodeficiency. The
background characteristics of the patients are shown in Table 1.
Palivizumab administration was started in June of each year. The
accumulated administration rate gradually increased from 0.4%
(2/498) in June to 21.1% (105/498) in July and to 72.7% (362/
498) in August, with 95% (473/498) of children initiating
administration of palivizumab by September. Palivizumab
prophylaxis was stopped in the middle of March each year
because we decided that the epidemic had ended. As a result,
53.4% (281/498) of children received palivizumab inMarch, and
no children received palivizumab in April (Fig. 2). The number of
patients per total number of doses was 2 for 4 times, 17 for 5
times, 47 for 6 times, 163 for 7 times, 265 for 8 times, and 4 for 9
times.
Twenty-three (4.6%, 23/498) patients were hospitalized with

RSV infection during the follow-up period. They were all
confirmed to diagnose RSV by an immunochromatographic
rapid test kit on nasal swabs. There was no significant difference
in the hospitalization rate between the 3 groups (Table 2). The
numbers of hospitalizations in each season were 3/106 (2.8%),
3/107 (2.8%), 5/84 (6.0%), 7/106 (6.6%), and 5/95 (5.3%) in
order from the 2015 season, with no significant difference among
the seasons (P= .56). One child was diagnosed with RSV
infection in December, but had a mild case and was not
hospitalized. With regard to monthly RSV-related hospital-



Figure 1. Flow chart of the 23 patients who were hospitalized with RSV infection. RSV = respiratory syncytial virus.
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izations, there were 4 in July, 8 in August, 6 in September, 2 in
October, 1 in November, and 2 in December. There were no
RSV-related hospitalizations after January (Fig. 2). We referred
to the Infectious Disease Weekly Report of the National Institute
of Infectious Diseases (https://www.niid.go.jp/niid/en/survail
lance-data-table-english.html) for comparison with prefectural
epidemic data. The number of reported RSV infections in
Fukuoka Prefecture from 2015 to 2019 followed a pattern that
3

began to increase in July, peaked in September, and ended in
January and February each year (Fig. 3).
The background information of the 23 patients with RSV-

related hospitalizations is shown in Table 2. The number of doses
of palivizumab administered before hospitalization was 0 in 13
(56.5%, 13/23) patients, 1 in 3 patients, 2 in 2 patients, 3 in 3
patients, and 4 in 2 patients. There were no significant differences
in patient’s outcomes (intensive care unit admission rate,
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Table 1

Demographics and patients’ characteristics at baseline.

Main indication for palivizumab

Total Congenital heart disease (CHD) Preterm 21trisomy

N 498 277 169 52
Mean age (mo) [min-max] 9.5 (0-24) 11.6 (0-24) 5.2 (1-23) 12.5 (1-24)
Male 267 (53.6%) 130 (46.9%) 100 (59.2%) 37 (71.2%)
Female 231 (46.4%) 147 (53.1%) 69 (40.8%) 15 (28.8%)
Mean gestational age (wks) [min-max] 35.6 (22-42) 37.8 (24-42) 31.1 (22-35) 37.6 (36-40)
High flow humidified nasal cannula 7 (1.4%) 7 (2.5%) 0 (0.0%) 0 (0.0%)
Mechanical ventilation 1 (0.2%) 1 (0.4%) 0 (0.0%) 0 (0.0%)
Presence of siblings 304 (61.0%) 149 (53.8%) 113 (66.9%) 42 (80.8%)
Attending preschool 78 (15.7%) 43 (15.5%) 4 (2.4%) 31 (59.6%)
With cyanosis originating from CHD 115 (23.1%) 115 (41.5%) 2 (1.2%) 0 (0.0%)
History of cardiac surgery 179 (35.9%) 179 (64.6%) 0 (0.0%) 0 (0.0%)
Scheduled for radical or Fontan operation 33 (6.6%) 33 (11.9%) – –
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inotropic use rate, mechanical and non-invasive ventilation use
rate, duration of oxygen administration, and the number of
hospital days) between patients who were hospitalized during the
observation period without palivizumab and those who were
hospitalized while already receiving the palivizumab. None of
the patients included in the study had multiple RSV-related
hospitalizations or deaths (Table S1, Supplemental Digital
Content, http://links.lww.com/MD/G492). Multivariable analy-
sis showed that children with older siblings and cyanosis that
originated from CHD had a higher risk of RSV, with an odds
ratio of 5.1 (95% confidence interval [CI] 1.48-17.6, P< .01) and
3.25 (95% CI 1.33-7.94, P< .01), respectively (Table 2).
5. Discussion

In this study, we found that patients were hospitalized for
RSV infection before administration or after only 1 dose of
Figure 2. Cumulative percentage of children who received palivizumab and the
cumulative percentage of children who received palivizumab. The gray bars show th
the number of RSV-related hospitalizations. RSV = respiratory syncytial virus.

4

palivizumab in the early stages of the RSV season. Additionally,
having older siblings and cyanosis originating from CHD were
notable risk factors for RSV-related hospitalization in patients
who had an indication for palivizumab prophylaxis.
Currently, antiviral drugs and vaccines for RSV infection are

being developed, and palivizumab is the only tool available for
clinical use. The efficacy of this monoclonal antibody in
preventing severe RSV infection has been demonstrated in
several studies[11–14] and passive immunization with palivizumab
is recommended worldwide. However, the effectiveness of
palivizumab in preventing hospitalization is only 74% (95%
CI 56%-85%) in preterm infants (born at 29-35weeks of
gestational age) aged �6months without comorbid conditions,
including CHD and chronic lung disease, even in developed
countries (e.g., United States of America and Canada).[15]

Additionally, the reduction in the rate of intensive care unit
admission from using palivizumab is 62% (95% CI 35%-
number of RSV-related hospitalizations by month. The blue bars show the
e percentage of children who did not receive palivizumab. The line graph shows

http://links.lww.com/MD/G492


Table 2

Analysis of incidence of hospitalization for RSV.

No. Univariate Multivariate

Hospitalization (n=23) Non hospitalization (n=475) P value Odds ratio 95% CI P value

Demographic characteristics
Sex .39
Female 13 (5.6%) 218 (94.4%)

Mean age in months at entry (SD) 9.8 (5.7) 9.5 (6.5) .81
Mean gestational age in weeks (SD) 36.5 (3.8) 35.6 (4.1) .27
Main indications for palivizumab .05
Congenital heart disease (CHD) 18 (3.6%) 259 (52.0%)
Preterm 3 (0.6%) 166 (33.3%)
21 trisomy without CHD 2 (0.4%) 50 (10.0%)

RSV risk factors
History of cardiac surgery 8 (34.8%) 171 (36.0%) 1.00
Scheduled cardiac surgery 7 (30.4%) 26 (5.5%) <.01
Siblings 20 (87.0%) 284 (59.8%) <.01 5.10 1.48–17.6 <.01
Cyanosis originating from CHD 10 (43.5%) 108 (22.7%) .04 3.25 1.33–7.94 <.01
Preschool 4 (17.4%) 74 (15.6%) .77 1.38 0.44–4.39 .58

RSV = respiratory syncytial virus.

Kamori et al. Medicine (2021) 100:47 www.md-journal.com
78%).[15] This rate is not satisfactory when taking into
consideration the high acquisition costs of palivizumab. The
effectiveness of palivizumab needs to be maximized to reduce the
cost of hospitalization, productivity loss, and most importantly,
suffering of the children.
Figure 3. The line graph shows the reported weekly cases of RSV infection from 20
The bar graph shows the number of patients with RSV who were admitted to the h
before admission is indicated by color coding (axis 2). RSV = respiratory syncyti

5

Themajority of hospitalized patients in our cohort (13, 56.5%)
had never received palivizumab before admission to hospital.
Three children were also hospitalized for RSV infection after the
first dose of palivizumab. They developed symptoms approxi-
mately 3weeks after their first dose of palivizumab. In the
15 to 2019 in Fukuoka Prefecture, where the research facility is located (axis 1).
ospital during the month. The number of palivizumab doses (0-4) administered
al virus.

http://www.md-journal.com
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IMpact-RSV Study, intramuscular administration of palivizumab
(15mg/kg) resulted in mean trough serum concentrations of 37±
21mg/mL after the initial injection and they gradually increased
with each dose.[12] The lowest blood levels were shown observed
just before the second palivizumab administration in the previous
reports.[12,16] Our 3 patients might not have had sufficient serum
palivizumab levels. If these 16 patients had received palivizumab
at an earlier stage of the season, RSV-related hospitalizations
might have been avoided.
Approximately 2months were required to complete the first

dose of palivizumab in all eligible children after the beginning of
the RSV season. Informing the parents that administration of
palivizumab has started can take a while, and the number of
children that can have administration in a day is limited. During
this period, many children are exposed to RSV, and some of them
are hospitalized with severe RSV infection. The finding of the low
rate of RSV-related hospitalization after the administration rate
reached 100% suggests that early administration of the first dose
is essential. However, identifying the onset of the RSV season is
challenging. We need to overcome the difficulty in accessing
medical services, and human and non-human resource shortages
in hospitals to administer palivizumab as early as possible.
Another major problem that prevents us from starting

administration at the correct time is that the beginning of the
RSV season varies from year to year. The RSV season usually
starts in early July, but it can be late July or early August, which
causes difficulty in determining the start of the RSV season. Our
study showed that early July was crucial for preventing RSV
related-hospitalization. Yamagami et al[17] found that 0.31
reports per week per sentinel medical institution was the
estimated starting point of the RSV epidemic. This finding was
based on backward-looking analysis of data on the number of
infectious disease reports in Tokyo. However, when we
attempted to apply the same model to other regions, there were
0.22 to 1.0 reports per week per sentinel medical institution,
which is too wide to be clinically applicable. Further research is
needed for the practical application of a tool to accurately predict
the start of the RSV season.
A realistic approach is that children who have risk factors

should start administration of palivizumab quickly and efficiently
if there is any sign that the RSV season has started. In our study,
having older siblings in the family and cyanosis originating from
CHDwere risk factors for RSV-related hospitalization. Of the 23
patients whowere admitted, 20 (87.0%) had older siblings. Large
birth cohort studies have shown that RSV infection can be
transmitted from older siblings.[18] Eliminating the risk posed by
older siblings could reduce the number of admissions for RSV by
one third across the first 3years of life.[18–20] If an RSV vaccine is
developed, targeting older siblings would also indirectly protect
younger children with underlying diseases. However, such a
vaccine effect is not feasible. Vaccination will take a considerable
amount of time because the historical RSV vaccine has failed.
Children with cyanotic CHD also had a higher risk of RSV-

associated hospitalization than those with acyanotic CHD in our
cohort. Children with cyanotic heart disease are discharged from
the hospital after a palliative operation and continue their daily
lives at home and in the community. At this stage, they have a low
cardiac reserve with varying degrees. Hypoxia and elevated
carbon dioxide from RSV infection can easily disrupt hemody-
namics by affecting somatic and pulmonary vascular resistance.
Therefore, children with cyanotic CHD are a priority target for
administration of palivizumab.
6

This study has potential limitations. First, the criteria for
admission were not uniform. In many cases, the decision to admit
patients might have been made owing to the severity of the
underlying disease, which might have affected the incidence of
RSV infection-related hospitalizations. Second, the status of RSV
epidemics in each child’s area or residence would be different,
which was not considered in the analysis. These issues could be
addressed by following up the children separately according to
underlying disease and by creating a cohort of large numbers of
cases at multiple institutions in different regions. Third, blood
levels of palivizumab were not measured. Therefore, we
were not able to confirm that blood palivizumab levels were
insufficient in those whowere hospitalized after administration of
palivizumab.
In conclusion, administering the first dose of palivizumab as

early as possible after the start of the RSV season is important,
especially in children with older siblings and cyanotic heart
disease, to avoid RSV-related hospitalization. Our findings could
be applied to maximize the cost-effectiveness of palivizumab.
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