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ABSTRACT

To date, there is no consensus regarding palivizumab prophylaxis for respiratory syncytial virus infection.
The purpose of this study is to assess the effectiveness of palivizumab prophylaxis to prevent respiratory
syncytial virus-related infection consultations and hospitalizations in high-risk children <2 y. We studied
children <2y of age with risk factors who had indication of palivizumab prophylaxis over eight epidemic
seasons (2011-2012 to 2018-2019) in Navarra, Spain. Children positives for respiratory syncytial virus by
reverse-transcription polymerase chain reaction were compared to negative testers. Palivizumab was
indicated in 1,214 children <2 y of age with risk factors during 2011-2012 to 2018-2019 seasons. A total of
142 high-risk children tested for respiratory syncytial virus were included in the study. From the 35
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respiratory syncytial virus-positive confirmed cases, 20 (57%) had received palivizumab versus 82 (77%)
from the 107 negative controls. The effectiveness of prophylactic palivizumab was 70% (95% Cl, 19%-90%)
in preventing confirmed clinical infection and 82% (95% Cl, 29%-96%) in preventing hospitalized cases.
Our results show that palivizumab is notably effective for preventing laboratory-confirmed cases of
respiratory syncytial virus and hospitalization in high-risk children <2 y of age. For children who have
received palivizumab, the risk of getting sick remains high; thus, other preventive measures are necessary.

Introduction

Lower respiratory tract infection caused by the respiratory syn-
cytial virus (RSV) is the leading cause of hospitalization among
children <1 y of age." The RSV may cause severe respiratory
infections and death, mainly in children <6 months with serious
comorbidities.>” To date, no vaccine against RSV is available,*
nor there is any specific treatment,” thus, the clinical manage-
ment of patients is limited to support measures.®

Prophylactic palivizumab immunization (Synagis®, AbbVie
Deutschland GmbH & Co. KG, Knollstrasse, Germany) is recom-
mended for children <2 y with risk factors to prevent RSV-related
lower respiratory tract infections.” Palivizumab is a monoclonal
antibody (IgG1) against an epitope in the II antigenic site of the
F protein of RSV. It prevents virus-cell membrane fusion and
syncytium formation; this way limiting virus spread.®

The IMpact clinical trial showed that palivizumab prophy-
laxis reduced the rate of hospitalization due to RSV to 5.8%
(55% relative reduction) in comparison to the placebo group.
Efficacy was higher in preterm infants <35 weeks without
bronchopulmonary dysplasia (78% relative reduction in RSV
hospitalizations), than infants with bronchopulmonary dyspla-
sia (39% relative reduction).” In a subsequent trial, prophylac-
tic palivizumab immunization in children with congenital
heart disease was associated with 45% relative reduction in
RSV hospitalizations.'

In 2014, the American Academy of Pediatrics updated the
indications for prophylactic palivizumab immunization."" In
Spain, indications were reviewed in 2015'* and 2019."
Currently, palivizumab is recommended in children born pre-
maturely or presenting bronchopulmonary dysplasia, congeni-
tal respiratory malformations, congenital heart and vascular
anomalies, cystic fibrosis, neuromuscular disorders, Down’s
syndrome, immunodeficiency, congenital and metabolic dis-
orders, and a history of low birth weight.

It is recommended to start prophylactic palivizumab immu-
nization at the beginning of the RSV season with the adminis-
tration of a monthly dose with up to five doses during the
epidemic season. Indications between countries remain
controversial.

Rapid antigen tests for RSV were used for diagnostic con-
firmation in both clinical trials,”'" but this test has shown
a modest sensitivity (81%) for the detection of RSV as com-
pared with molecular techniques, such as reverse-transcription
polymerase-chain-reaction ~ (RT-PCR).'*'>  Measurement
biases due to lack of sensitivity of the diagnostic test used
could influence the results of these clinical trials, reducing the
estimated efficacy of palivizumab."®

Besides under ideal clinical trial conditions, very few effec-
tiveness studies on palivizumab have been carried out in real-life
conditions.'” The purpose of the current study was to estimate
the effectiveness of palivizumab in preventing consultations and
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hospitalizations due to RT-PCR-confirmed RSV in high-risk
children <2 y of age.

Materials and methods

The study was carried out in a tertiary university hospital in the
North of Spain throughout eight epidemiological seasons span-
ning 2011-2012 to 2018-2019."® The study population was
composed of children <2 y of age born prematurely or with
comorbidities leading to high-risk of RSV complications that
were monitored at the hospital and had an indication of pro-
phylactic palivizumab immunization. Palivizumab was only
administered at hospital and all doses were registered.

Following routine clinical practice for detection of RSV,
a nasopharyngeal swab was collected from children who
attended consultation with respiratory symptoms. The pre-
sence of RSV and influenza virus in a sample was determined
by reverse-transcription polymerase-chain-reaction (RT-PCR)
(RealCycler FLURSV®, Progenie Molecular). Subgroup identi-
fication (A or B) was performed for positive RSV samples (RSV
RT-PCR kit 1.0 RealStar®, Altona Diagnostics). When immedi-
ate analysis was not possible, swab samples were kept at 4-8 °C.

A test-negative case-control design was performed that
compared RSV-positive (cases) and RSV-negative children
(controls). The study included patients tested between
October 1 and April 30 of each season. Only subjects who
had indication for palivizumab prophylaxis and who were
swabbed within a maximum of 7 days following the beginning
of the symptoms were included in the study.

Palivizumab immunization dates and doses for cases and
controls were obtained in the hospital’s registry of adminis-
tered drugs. Compliance was considered adequate when the
number of administered doses corresponded with the recom-
mended ones, based on the date of initiation of prophylactic
immunization over the course of RSV epidemic period. The
appropriate dosing interval was considered to be 28-30 days.”

Fisher’s exact test and the Chi-square test were used for
comparing proportions. Cases and controls for the same

calendar month were compared. Only months for which
there were confirmed cases of RSV were considered. Exact
logistic regression was used to calculate the odds ratio (OR)
adjusted by age group (0-5 months, 6-11 months,
12-23 months) and by type of healthcare (outpatient or hospi-
talization), with 95% confidence interval (CI). P values <.05
were considered significant. The effectiveness of prophylactic
immunization was calculated as percentages based on the fol-
lowing equation (1 - OR) x 100.

The main analysis included all children that fulfilled the
inclusion criteria. In separate analyses, we also estimated the
effect of palivizumab in different subgroups of patients.
Children who have received palivizumab in the previous
30 days were compared with those who had not received
palivizumab; cases of each RSV subgroup were compared
with the RSV-negative controls; and hospitalized positive
cases were compared with hospitalized RSV-negative controls.

The study was approved by the Navarre’s Clinical Research
Ethics Committee (160629 Pyto 2016/42).

Results

Prophylactic palivizumab immunization was indicated in 1,214
children <2 years of age with risk factors during the 2011-2012
to 2018-2019 seasons. One hundred and forty-two of this
group of children attended consultation due to acute respira-
tory infection and were tested for detection of RSV by RT-PCR,
and were thus included in the study. Thirty-five children (25%)
were RSV-positive cases and 107 were RSV-negative controls
(Figure 1). RSV subgroup A was identified in 17 cases and
subgroup B in 16 cases. The subgroup could not be determined
for two cases.

Fifty-four percent of the children included in this study who
attended consultation for respiratory symptoms and tested for
RSV required hospitalization.

No differences were observed between cases and controls
regarding sex, season, or hospitalizations (Table 1). The
number of cases of >12 months was higher than that

Enrolled (childrenunder 2 years with risk factors
and immunoprophylaxis indication 2011-2019)

n=1214
No consultation with acute
respiratory symptoms
n=1072
Eligible for analysis:
Respiratory symptoms and RT-PCR performed
n= 142

/\

RSV positive (cases)
n=35(25%)

RSV negative (controls)
n=107(75%)

|

PVZin prior | PVZ > 30 days | Did notreceive
30 days before PVZ
n=18 n=2 n=15

PVZ in prior | PVZ > 30 days | Did notreceive
30 days before PVZ
n=73 n=9 n=25

Figure 1. Flow diagram for study participants. Abbreviations: PVZ, palivizumab; RT-PCR, reverse transcription-polymerase chain reaction.



Table 1. Characteristics of cases and controls.
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Table 2. Characteristics of cases by prophylactic immunization status.

RSV-positive  RSV-negative con-
Total cases trols
N: 142 N: 35 N: 107
n (%) n (%) n (%) P-value
Sex 0.3385
Male 75 (53) 21 (60) 54 (50)
Female 67 (47) (40) 53 (50)
Age, months
0-5 83 (58) 16 (46) 67 (63) Reference
6-11 35(25) 8 (23) 27 (25) 0.6590
12-17 12 (8) 7 (20) 5(5 0.0073
18-23 12 (8) 4(11) 8 (7) 0.2707
Season 0.4013
2011-12 18 (13) 3(9) 15 (14)
2012-13 4(3) 2(5) 2(2)
2013-14 9 (6) 309 6 (6)
2014-15 26 (18) 5(14) 21 (20)
2015-16 16 (11) 5(14) 11 (10)
2016-17 36 (25) 7 (20) 29 (27)
2017-18 16 (11) 7 (20) 9 (8)
2018-19 17 (12) 3(9) 14 (13)
Doses of 0.1645
Palivizumab
0 40 (28) 15 (43) 25 (23)
1 13 (9) 2 (6) 11 (10)
2 35(25) 7 (20) 28 (26)
>3 54 (38) 11 (31) 43 (41)
Palivizumab within 0.0722
30d
Yes 91 (64) 8 (51) 73 (68)
No 51(36) 17 (49) 34 (32)
Any dose of 0.0261
palivizumab
Yes 102 20 (57) 82 (77)
(72)
No 40 (28) 15 (43) 25 (23)
Healthcare setting 0.4373
Hospitalization 76 (54) 21 (60) 55 (51)
Outpatient 66 (46) (40) 52 (49

consultation

of controls (31% vs. 12%; P = .0082). Palivizumab compli-
ance was 72% among all study patients; 57% for cases
and 77% for controls (P = .0261), among children
<2 years with risk factors included in the indication of
immunoprophylaxis.

Of the 91 children who had received palivizumab pro-
phylaxis, 90% (18/20) of cases and 89% (73/82) of controls
had received the last dosage within 30 days of attended
consultation.

Two out of 35 cases (6%) developed RSV infection after the
first palivizumab dosage. We detected 20 children (14%) who
had received palivizumab and were later confirmed to be RSV-
positive, from which 18 had received the last dosage within the
30 previous days. Table 2 shows the characteristics of these
RSV cases categorized based on whether they had received
prophylactic immunization. None of the groups showed
a statistically significant difference based on prophylactic
immunization status.

The comparison between confirmed cases and negative
controls shows that the effectiveness of palivizumab prophy-
laxis in preventing confirmed RSV cases was 70% (95% CI,
19%-90%) and 82% (95% CI, 29%-96%) for preventing
hospitalization (Table 3). In the analyses per RSV subgroup,
effectiveness was 87% (95% CI, —181%-87%) for subgroup

No Palivizumab

Palivizumab N: 20 N: 15
n (%) n (%) P value
Sex 0.7282
Male 11 (55) 10 (67)
Female 9 (45) 5(33)
Age, months 0.3008
0-5 7 (35) 9 (60)
6-11 6 (30) 2 (13)
12-23 7 (35) 4 (27)
Season 0.1516
2011-12 2 (10) 1(7)
2012-13 1(5) 1(7)
2013-14 0 (0) 3 (20)
2014-15 3(15) 2 (13)
2015-16 3 (15) 2 (13)
2016-17 3(15) 4(27)
2017-18 7 (35) 0(0)
2018-19 1(5) 2 (13)
RSV subgroup 0.2911
A 12 (60) 5(33)
B 7 (35) 9 (60)
Unknown 1 (5) 1(7)
Healthcare setting 0.1632
Hospital admission 10 (50) 11 (73)
Outpatient consultation 10 (50) 4(27)

Table 3. Effectiveness of prophylactic immunization with palivizumab in prevent-
ing laboratory-confirmed cases of respiratory syncytial virus.

Cases  Controls
Treated/ Treated/

Analysis Total Total  Effectiveness®*  95% Cl P value

All patients

Any dose of 20/35  82/107 70% 19t090 0.0148
palivizumab vs.
none

Palivizumab dose
in prior 30 d vs.
none

Hospitalized
patients

Any dose of
palivizumab vs.
none

Palivizumab dose
in prior 30 d vs.
none

RSV subgroup A

Any dose of
palivizumab vs.
none

Palivizumab dose
in prior 30 d vs.
none

RSV subgroup B

Any dose of
palivizumab vs.
none

Palivizumab dose
in prior 30 d vs.
none

18/33 73/98 68% 13t0o 89  0.0238

10/21 42/55 82% 29t0 96  0.0102

9/20 36/49 79% 16t0o 9%  0.0234

12/17 65/86 87% —181to 87 0.6472

10/15 57/78 38% -192to 86 0.6882

7/16 56/79 79% 12t0o 96  0.0307

7/16 48/71 75% —-10to 95 0.0695

*Exact logistic regression analysis adjusted by age group (0-5, 6-11,
12-23 months) and healthcare setting (outpatient or hospitalization).
Cl, confidence interval

A and 79% (95% CI, 12%-96%) for subgroup B, although
statistical significance was achieved only for subgroup
B. Effectiveness was similar for subjects who received any
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dosage of palivizumab or who had received the last dosage
within the last 30 days.

Discussion

The results of this study indicate that palivizumab is signifi-
cantly effective to prevent laboratory-confirmed RSV cases
(70%) and hospital admissions (82%) in children <2 y at high-
risk. Fifty-one and 60% of the included controls and cases,
respectively, required hospitalization, consistent with the fact
that the study was carried out with high-risk children.'**°

RSV infection is a frequent condition and this study was
carried out including high-risk children. Thus, despite the high
effectiveness and compliance of prophylactic palivizumab
immunization, in a large number of cases (n = 20) immuniza-
tion failed to prevent RSV disease. This is in line with the
results communicated by other authors.*!

Palivizumab accumulation due to repeated doses may
associate with a greater protective effect, although it has been
suggested that extended use of palivizumab in high-risk
patients may lead to the selection of RSV-resistant variants
among the general population.*

Prophylactic palivizumab immunization failure to pre-
vent disease has been associated with inappropriate dosing
intervals, exposure to high concentrations of the virus,
child’s frailty, or coinfection with other respiratory
pathogens.> On the other hand, variable degree of protec-
tion and serum concentrations has been reported among
patients in clinical studies. Palivizumab dosing by body
weight in children, in a five-dose monthly regimen (not in
abbreviated three-dose schedule), provides prolonged
protection.’* Some authors recommend an interval of
16-24 days between the administration of the first and
the second dosage to achieve an adequate level of
protection.25 Our results show that most failures (18/20)
occurred in children who had received two or more doses
(Table 1). This may be explained because the RSV epidemic
usually came when most of the children following the
immunoprophylaxis had received more than one dose of
palivizumab.'® When the analysis was restricted to children
who had followed the recommended dosages and adminis-
tration intervals, no statistically significant changes in the
estimate of effectiveness were observed. Another study has
suggested that palivizumab protection could extend beyond
30 days of the last dose.*

The IMpact-RSV trial with palivizumab was carried out in
the cases confirmed using rapid antigen detection tests.” Rapid
antigen detection tests are less sensitive than RT-PCR for RSV
detection.'* Using less sensitive tests may have contributed to
the lower efficacy estimate generated in the IMpact study.

Anderson et al. communicated an effectiveness of 58% in
preventing hospital admissions using information on prophy-
lactic palivizumab immunization provided by the parents,
which may have led to a classification error as indicated by
the author."”

In our study, the confirmed cases and negative control
design imply recruitment before the physician and the parents
knew the etiological diagnosis. This limits the occurrence of
a selection bias and allows better comparisons between cases

and controls. This design is currently being used for assessing
the effectiveness of vaccines and has shown good validity in
comparison with clinical trials.””

RSV has two antigenic subgroups, A and B, that can co-
circulate during the different seasons and with different pat-
terns of dominance.”® In our study, it was not possible to
determine the effectiveness differences for cases between
these two subgroups due to the small sample size available for
sub-analyses. Differences in effectiveness by subgroup would
be possible as, while both have the F protein (the target of
palivizumab), subgroup variations exist."”

Compliance with prophylactic immunization was 77% in
the control group, which is within the 61% to 100% range
described in a review by Frogel et al.*” Worse compliance was
observed for the group of cases (57% vs. 77%; p = .0261), but no
statistically significant differences were observed in the percen-
tage of hospitalizations between cases and controls (60% vs.
51%), in contrast to what has been reported elsewhere.”® Some
authors have shown that home administration of palivizumab
may generate better results as it increases compliance and
reduces environmental exposures within the hospital of high-
risk children.’® This may be improved by detecting the factors
associated with poor adherence,”> and educational
interventions.> Nirsevimab, a new monoclonal antibody with
an extended half-life for RSV prophylaxis in healthy preterm
infants, is being developed to protect infants for an entire RSV
season with a single intramuscular dose. This competitive
advantage over palivizumab could achieve optimal compliance
and reduce the costs of multi-dose administration, further-
more, it could be a valuable option for RSV prophylaxis in
healthy infants.>*

Several limitations have to be considered in the interpre-
tation of our results. Although eight epidemic seasons were
included, the strength of the study was limited, mainly
because most children complied with the indication. The
results presented here refer to a single region and hospital
and further studies should be designed to include other
places. We cannot rule out some residual confusion as cer-
tain factors such as social parameters, the use of healthcare
services and the seriousness of comorbidities, which were
not considered. Specific comorbidities were not included in
the regression model to avoid categories with very small
number of cases; however, all participants had conditions
with indication of palivizumab.

The test-negative design that compared confirmed cases and
negative controls allows for good comparability between these
groups as the same healthcare procedures were used and there
were no differences in the recruiting process.”” This design has
been successfully used to assess the effectiveness of
vaccines.””*®

In conclusion, palivizumab demonstrated a high, although
not complete, effectiveness in preventing laboratory-confirmed
RSV cases and hospitalization in high-risk children <2 years of
age. Since the risk of infection in children who have received
prophylactic palivizumab immunization remains high, other
complementary environmental control measures are recom-
mended as hand hygiene, limit the contact with persons with
respiratory symptoms, and reduction in the number of visits
during the epidemic period.""



Due to the limited effectiveness of palivizumab, efforts
should be put toward developing more effective treatments
and vaccines against RSV. Improve adherence through educa-
tional measures may help reduce slightly the development of
cases and hospitalization.
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