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Respiratory syncytial virus (RSV) is a non-segmented, single-stranded, negative-sense RNA virus belonging to the
Pneumoviridae family. It represents the leading cause of acute respiratory tract infections in children worldwide.

Treatment of RSV infections is primarily supportive, including hydration and oxygen supplementation.

respiratory syncytial virus monoclonal antibodies palivizumab children

| 1. Introduction
1.1. Virology and Pathogenesis of RSV

Respiratory syncytial virus (RSV) is a non-segmented, single-stranded, negative-sense RNA virus belonging to
Genus Pneumovirus, Subfamily Pneumovirinae, Family Paramyxoviridae, Order Mononegavirales W. RSV
encodes 11 proteins, of which the proteins of the lipid envelope are involved in the mechanisms of viral attachment
and, subsequently, in the infection and development of the respiratory disease (Figure 1). Four proteins are
associated with the lipid double layer: the matrix (M) protein, the small hydrophobic (SH) protein, and the two
glycosylated surface proteins: F (Fusion) and G (attachment glycoprotein). The virus exists worldwide in two
antigenic subgroups, A and B, as well as multiple genotypes, which can co-circulate during an epidemic season &
B, The antigenic variability between RSV A and B is due to variations in the G protein, while the F protein exhibits
relative stability, making it a major target for vaccine and monoclonal antibody (mAb) development. The
pathogenesis of RSV infection is complex and variable. The tropism of the virus is high for epithelial respiratory
cells. Histopathological findings include necrosis of respiratory tract cells, proliferation of the bronchiolar epithelium,
and infiltration of monocytes, T-cells, and neutrophils between vessels and small airways 4. The G and F proteins
are mostly involved in the pathogenesis of the infection since the G protein mediates the adhesion to respiratory
tract cells, while the F protein is responsible for the entry of the virus into the cells and in the insertion of viral RNA
in the cell, which is responsible for the formation of syncytia . Two different mechanisms are involved in the
development of airway inflammation: the necrosis of airway epithelial cells subsequent to the cytopathological
effect of RSV and the immune response to RSV, resulting in inflammation and subsequent destruction. Innate

immunity is firstly involved against virus infection, before induction of the adaptive immune response [,
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Figure 1. Structure of respiratory syncytial virus (RSV). (A). Genomic RNA. L: large polymerase protein; M: matrix;
M2.1, M2.2: regulatory subunits; NS1, NS2: non-structural protein 1, 2; N: nucleoprotein; P: phosphoprotein; SH:

small hydrophobic protein; G: attachment protein; F: fusion protein. (B). RSV virion structure.

1.2. The Burden of RSV Disease in Children

RSV represents the main cause of acute lower respiratory tract infections (LRTI) in children worldwide. It is
responsible for more than 30 million pediatric LRTI and more than 50,000 in-hospital deaths per year worldwide,
with a subsequent great requirement of healthcare resources, hospitalizations, and intensive care admissions 8,
About 45% of hospitalizations and in-hospital deaths occurred in infants younger than six months . The clinical
course of RSV infection can consist of a wide range of acute upper and lower respiratory tract infections, from mild
rhinitis at one extreme to severe bronchiolitis and respiratory failure at the other [Ll. According to the American
Academy of Pediatrics (AAP) & bronchiolitis is a viral LRTI involving children younger than two years
characterized by a set of symptoms including increased respiratory effort, tachypnea, and wheezing and/or
crackles on chest auscultation, which follow a few days of rhinorrhea, cough and, occasionally, fever. RSV
bronchiolitis symptoms peak around day five of the illness and in most cases improve by day 10. Indicators for
hospital admission are respiratory rate over 60 breaths/minute, marked chest wall retractions, peripheral oxygen
saturation (SpO,) lower than 92%, central cyanosis, apnea, and poor oral fluid intake due to breathlessness [,
Moreover, infants with RSV bronchiolitis were at higher risk for developing asthma and recurrent wheezing 9. The
diagnosis of bronchiolitis is clinical, and most children manifest a mild condition and can be managed at home.
Hospitalization is required in 3% of all cases, of which 2-6% need pediatric intensive care 1. RSV is estimated to

cause up to 90% of pediatric bronchiolitis hospitalizations 12, High-risk children are infants with chronic lung
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disease (bronchopulmonary dysplasia, BPD), congenital heart disease (CHD), neuromuscular disorders,

immunodeficiencies, and extreme preterm birth 131241

Treatment of RSV bronchiolitis is primarily supportive, including the use of supplemental oxygen in case of
desaturation (SpO, below 92%), fluid replacement therapy, and decongestant nose drops 3. The only antiviral
drug currently approved is ribavirin; however, its use is limited due to its potential toxicity 28, Since RSV
bronchiolitis is a viral illness, antibiotics do not alter the course of disease. The use of antibiotics should be
reserved for cases in which the disease is severe enough to require admission into the Pediatric Intensive Care
Unit (PICU) or in the case of positive cultures or molecular tests showing the presence of secondary bacterial
infection 78] |nfants with bronchiolitis requiring mechanical ventilation have been reported to have high rates of
bacterial coinfection (21-26%), which warrant antibiotic use in these patients 1929 Apart from these patients, the
risk of bacteremia is lower in children with bronchiolitis and fever (0.2%) compared to those with fever with no
recognizable disease (2-7%) [21. However, the young age of these patients and the presence of fever frequently
raise doubts about undetected bacterial coinfection, leading clinicians to prescribe unnecessary antibiotics in up to
85% of cases [22123124] Antibiotic therapy is often prescribed in children undergoing chest x-ray (CXR) owing to
similar radiographic appearance of infiltrate and atelectasis [22!. Antibiotics need to be used cautiously due to their
potential side effects, increased costs, and contribution to the emergence of bacterial resistance, an increasing
issue. For these reasons, in the last years, many quality improvement methodologies have been attempted to
minimize the use of CXR in these types of patients 2827, However, no significant enhancement into clinical

practice has been reached until now.

Prevention plays an essential role in reducing the burden of RSV disease in children and avoiding inappropriate
therapies, including antibiotics. Although many vaccine candidates have been in clinical evaluation in the last few
decades, none, to date, has reached licensing [28. Therefore, while waiting for an effective vaccine, passive
immune prophylaxis in children should be mandatory. To date, two prophylaxis products have been considered to
prevent RSV infections: first polyclonal intravenous immunoglobulin and later intramuscular mAbs. The only
licensed passive immunoprophylaxis nowadays is palivizumab, a humanized murine mAb whose prescription is
restricted to high-risk children due to its high cost 29, Nevertheless, many hospitalized RSV-infected children do
not fully meet the criteria for immune prophylaxis. Thus, there are a growing number of RSV passive immunization
candidates under development intended for RSV prevention in all infants with a better cost-effectiveness ratio than

palivizumab.

| 2. Passive Prophylaxis against RSV
2.1. RSV Immune Globulin Intravenous

The use of RSV immune globulin intravenous (RSV-IGIV; RespiGam®, Massachusetts Public Health Biologic
Laboratories, and Medlmmune, Inc, Gaithersburg, MD, USA) was one of the first approaches tested to prevent
RSV infection. RSV-IGIV is made up of a pool of polyclonal antibodies derived from the plasma of donors with

naturally high circulating levels of RSV-neutralizing antibodies 9. In 1993, Groothuis et al. evaluated the effect of
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these antibodies in 249 children with BPD, CHD, and in preterm infants <35 weeks of gestational age (WGA),
reporting a decrease in the length of hospital stay and in symptom duration by administering a high dose (750
mg/kg) of RSV-IGIV for five times during the RSV season 1. However, six children died during the trial, five of
them being affected by CHD. Thus, two subsequent studies were carried out to clarify the safety and efficacy of
RSV-IGIV: the PREVENT trial B2l and the CARDIAC trial B3, The PREVENT study in 1997 demonstrated that
monthly administration of RSV-IGIV was safe, well-tolerated and effective in reducing the incidence of
hospitalization in infants with a history of prematurity (€35 wGA) and in children with BPD aged less than two years
(321 The CARDIAC trial 23] showed that RSV-IGIV did not reduce hospitalization in all children with CHD, but only
in infants younger than 6 months of age. Moreover, during the study, there was a higher frequency of cyanotic
episodes and poor outcome after surgery among children with cyanotic CHD in the RSV-IGIV group than in the
control group, probably due to hyperviscosity. Taking into account all these data, RSV-IGIV has not been approved
for use in children with CHD 4], In 1996, RespiGam® was therefore licensed by the Food and Drug Administration
(FDA) for use in premature infants and children with BPD, thus qualifying a large number of infants for this
medication (2. Even with the positive outcomes in this population, RespiGam® was characterized by several
weaknesses: fluid overload, hypoxemia or cyanosis, adverse events in children with CHD, intravenous
administration, and the need to delay vaccination with live vaccines. Thus, this product was voluntarily withdrawn
from the market in 2004, following the licensing of the first anti-RSV mAb, Palivizumab (28, RI-001 (ADMA
Biologicals) is another intravenous immunoglobulin preparation obtained from pooled plasma from donors with high
titers of RSV. A Phase-II clinical trial, conducted enrolling immunocompromised RSV-infected patients between 2
and 65 years of age, showed a statistically significant increase in anti-RSV-neutralizing antibody B4, In another
study, RI-001 was administered for compassionate use to 15 patients with documented RSV-LRTI who had failed
conventional therapy. All patients who received RI-001 within four days after the diagnosis of RSV infection
survived; serum samples showed a four-fold or greater rise in RSV antibody titers from baseline. The drug was
well-tolerated, and there were no reports of serious adverse events 38, Subsequently, RI-002 was created adding
polyclonal antibodies against Streptococcus pneumoniae and Haemophilus influenzae type B to RI-001
formulation. A phase-lll trial studied the prevention of bacterial infections in patients with primary

immunodeficiencies, but it did not report the role of RI-002 in preventing RSV infections 22,

2.2. Monoclonal Antibodies

In the 1990s, the development of humanized mAbs against the RSV surface glycoproteins started, with the aim to
obtain prophylaxis with higher specificity and improved potency compared to RSV-IGIV. This new approach
presents many advantages. Being mAbs therapeutic doses contained in low volumes, their administration reduces
the risk of fluid overload compared to RSV-IGIV. Moreover, since every product is composed of a unique type of
antibody (anti-RSV), their administration has no effect on subsequent vaccine schedules. Lastly, mAbs are safer
than RSV-IGIV considering iatrogenic blood-borne pathogen transmission 28, In the 1990s, the first three mAbs
(HNK20, SB209763, and MEDI-493/palivizumab) were studied in clinical trials. All these mAbs were antibodies
against the RSV F glycoprotein. The F-protein was chosen in order to ensure both the A and B RSV subtype
neutralization, preventing cellular infection by avoiding fusion between the viral membrane and the cell membrane,

and the formation of syncytia in the lung, by blocking cell-to-cell spread of the virus B4, HNK20 was an
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Immunoglobulin (Ig) A mAb obtained by fusion of myeloma cells with lung lymphocytes from the RSV-immunized
mouse model. Initial studies with intranasal administration to mice and monkeys gave hopeful results about
protection against both upper respiratory tract infections and LRTI caused by RSV 2241 Nevertheless, after the
process of humanization, the product significantly lost its antiviral activity both in vitro and in vivo with animal
models, and its research was abandoned [42. SB209763 (also known as RSHZ19) was a reshaped human 1gG;
mAb. After its promising results in neutralizing RSV in cotton rats and healthy volunteers, SB209763/RSHZ19
showed lower clinical efficacy when it was directly compared to another IgG; mAb, MEDI-493 (also known as
palivizumab) in infants at risk for severe RSV disease. These results led the FDA to approve palivizumab alone for
passive immunization against RSV in high-risk children [261[43]144][45][46]

2.2.1. Palivizumab

Palivizumab (MEDI-493, Synagis®) is a humanized 1gG; monoclonal antibody to the RSV F-protein, developed
over 10 years by Medlmmune Inc. (Gaithersburg, MD, USA) 4. It was approved for the first time by FDA in 1998
for RSV prophylaxis of high-risk children, while the European Agency for the Evaluation of Medicinal Products
(EMEA) approved it the following year 8. Phase 11I/IV studies 2249 have proven the efficacy of palivizumab in
reducing RSV hospitalization, number of days spent in hospital, incidence of PICU admission and severity of LRTI,
in children with prematurity, BPD, and CHD, who received five doses of palivizumab (15 mg/kg) by intramuscular
injection every 30 days, as recommended by the Phase /Il trials BYBL, |n particular, the IMpact-RSV Study Group
conducted a randomized, double-blind, placebo-controlled trial involving 139 centers in the United States, the
United Kingdom, and Canada during the 1996 and 1997 RSV season. The study enrolled premature infants (<35
wWGA) under 6 months of age at the beginning of the epidemic season and premature children with BDP <2 years of
age, and in need of medical therapy in the six months before the beginning of the epidemic season 22, Prophylaxis
with palivizumab resulted in a 55% reduction in RSV hospitalization. Moreover, the palivizumab group had a
shorter in-hospital stay and a lower incidence of PICU admission compared to the placebo group. It is on the basis
of this last study that, in 1998, the AAP developed the first guidelines on palivizumab 2. These guidelines
recommended the administration of palivizumab in the same populations of children recruited in the IMpact-RSV
Study, except for infants 33 to 35 wGA, for whom the risk of hospitalization for severe respiratory illness was
considered low, and the cost and logistical difficulties associated with palivizumab administration were assessed to
be higher than the potential benefits. Thus, for this group of infants, additional risk factors were required for
receiving prophylaxis: neurologic disease, presence of young siblings, child care attendance, passive tobacco
smoke exposure, planned cardiac surgery, or difficulties regarding medical support for severe respiratory disease.
In 2003 the AAP provided additional recommendations for infants and children with CHD 8. They included
children under two years of age with hemodynamically significant CHD among patients who deserve to receive
palivizumab, especially those who receive medication to control congestive heart failure, those with moderate to
severe pulmonary hypertension, and those with cyanotic CHD. In 2009 there was an update of the AAP guidelines:
risk factors for severe disease among infants born between 32 and 35 wGA have been modified to include only
childcare attendance or living with other children younger than five years; a maximum of 3 doses of palivizumab
were suggested for this group of infants 24, The AAP recommendations changed again in 2014 because of the

publication of several studies BSIB8ISA - which demonstrated the greatest increase in the risk for RSV
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hospitalization in infants born before 29 wGA, with hospitalization rates two to four times higher than later preterm

children. According to these results, the AAP guidelines published in 2014 3, which remained unchanged in 2017

(58] recommended that palivizumab might be given to preterm infants born before 29 WGA at a maximum of five

doses during one season. No recommendations for healthy preterm infants of 29 to 35 wGA were provided.

Indications for infants with BPD and CHD didn’'t change. Unclear evidence has been found for the use of

palivizumab in infants with anatomic pulmonary abnormalities or neuromuscular disease, Down syndrome, cystic

fibrosis, or immunodeficiency. The 2009 and 2014 AAP guidelines on palivizumab prophylaxis are summarized in

Table 1.

Table 1. Comparison of the 2009 and 2014 AAP guidelines on RSV prophylaxis with palivizumab.

Patient Group

2009 Recommendations 4]

2014 Recommendations [X3]

Preterm infants

e Infants born <32 WGA

e Infants from 32 to 35 WGA with
at least 1 of the following risk
factors: 1. Attending childcare; 2.
Living together with siblings or other
children younger than 5 years

* [nfants born <29 WGA who are <12 months
at the start of the RSV season

¢ Children <24 months with BLD
who receive medical therapy within
6 months before the start of the
RSV season

* Infants with BLD born <32 WGA requiring
oxygen therapy for at least the first 28 days of
life, in the first year during the RSV season; in

BDP » Patients with the most severe : . :
o . . the second year only if they continue to require
BLD continuing to require medical . -
. medical support during the 6 months before the
therapy may benefit from start of RSV season
prophylaxis during a second RSV
season
e Children younger than 24 months
of life with haemodynamically » Certain children younger than 12 months of
CHD L . . . . . L
significant cyanotic or acyanotic life with haemodynamically significant CHD
CHD
. e Infants who have either
Anatomic Lo . i, . .
significant congenital abnormalities » Infants with neuromuscular disease or
pulmonary

abnormalities or
neuromuscular

of the airway or a neuromuscular
condition that compromises
respiratory tract secretions

congenital anatomic pulmonary abnormalities
that alter the clearence of secretions in the
airways because of ineffective cough

disorder
management
e Specific recommendations
Immuno- cannot be made, but infants with e Children <24 months who are profoundly

compromised

CHD and severe immunodeficiency
may benefit from prophylaxis

immunocompromised during the RSV season

Down Syndrome

* No recommendation

* Not recommended in children with Down
syndrome unless other risk factors are present
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Patient Group 2009 Recommendations 2% 2014 Recommendations [

e Infants with cystic fibrosis with evidence of

Cystic fibrosis * Norecommendation BPD and/or nutritional compromise

e If an infant who is receiving
Breakthrough RSV palivizumab experiences an RSV
hospitalization infection, prophylaxis should
continue

If any infant receiving palivizumab
experiences an RSV hospitalization, monthly aspiratory
prophylaxis should be discontinued

Concerning the use of palivizumab in children with CHD, subsequent recommendations have been published in
2017 by an international group of clinicians with expertise in this field [59]. Prophylaxis was recommended for
children younger than 2 years with unoperated hemodynamically significant CHD, who are cyanotic, who have
pulmonary hypertension, or symptomatic airway abnormalities; for children less than 1 year old with
cardiomyopathies requiring treatment; with surgically operated CHD and hemodynamically significant residual
problems, or those aged 1-2 years up to 6 months postoperatively; and in children on heart transplant waiting lists

or in their first year after heart transplant.

Given the high cost of palivizumab, cost-effectiveness of this mAb was tested by a large number of cost-benefit
analysis, but results were inconsistent, varying considerably across studies, depending on many variables included
in calculation model and parameters taken into account B89, For example, there is increasing evidence that RSV
infection in premature children may influence long-term respiratory function [B1I62I63164165] |5 2020 Shi et al.
published a systematic review of 41 studies and subsequent meta-analysis, confirming a considerable association
between early RSV infection and the development of childhood recurrent wheeze and of asthma at follow-up 68,
Thus, the impact of RSV disease reveals to have short- and long-term consequences and social implications that
are difficult to calculate, which are often not included in cost-effectiveness analyses BUEZ. A recent study
conducted in the UK showed that palivizumab prophylaxis is cost-effective in preventing severe RSV LRTI in a
wider population than currently recommended in guidelines (68, Narayan et al. have found that palivizumab is cost-
effective in premature infants born before 35 wGA without CHD or BPD aged <6 months at the start of the RSV
season and in premature infants with CHD or BPD aged <2 years, if a mean of 3.7 doses rather than the five

doses, is used.

As the evidence behind the APP recommendations published in 2014 is not always clear, many countries use
earlier guidelines to guide palivizumab prophylaxis B9 |n Italy, palivizumab was administered to all preterm
infants born before 32 wGA and to those born at 33—35 wGA with certain additional risk factors up to 2016. Driven
primarily by cost—benefit consideration, in September 2016, the Italian Drug Agency (AIFA) decided that the
financial coverage of palivizumab by the National Health Service in the group of healthy preterms should be limited
to infants born before 29 wGA and younger than 12 months at the beginning of the RSV epidemic season 1. After
implementation of these restrictions, several studies were carried out 231741 |n November 2017, in consideration
of the new clinical data, the AIFA re-extended the prophylaxis reimbursement to preterm infants born after 29 wGA
and younger than 6 months at the beginning of the season X2, A systematic review of seven ltalian reports
compared RSV-related hospitalizations during the 2016—2017 season with the hospitalizations of 2 seasons before
(2014-2015 and 2015-2016) and one season after (2017—-2018) the AIFA limitation. During the 2016-2017 RSV
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epidemic season, the study showed a higher incidence of RSV bronchiolitis and increased impairment of
respiratory function. They also found a higher incidence of hospitalizations and admissions to the PICU, longer
hospital stays, and an increase in the number of RSV bronchiolitis in infants born at term, probably because the

decreased prophylaxis in preterms may have caused a wider infection diffusion in all the groups of infants.

Multiple studies have been made worldwide to understand the impact of the change of 2014 AAP guidelines on
hospitalization risk and rates, severity, and cost in preterm infants born 29-34 wGA 8771 |n 2020, Krilov et al.
published a review collecting and evaluating several of these works 8 they found a substantial reduction in
palivizumab use after 2014, in association with an increased risk for RSV hospitalization in 29-34 wGA infants
compared to term infants, and with higher severity and healthcare utilization. Taking into account the proven
usefulness of palivizumab and its high cost, identification, and prediction of risk factors could help to choose infants
who are at risk and to employ a cost-effective use of palivizumab, until new methods of prevention become
available [8IZ9BABL Blanken et al. L developed a risk scoring tool that predicts RSV hospitalization in moderate-
late preterm infants. The best predictors identified were proximity of birth to the RSV season, second-hand smoke
exposure, and the presence of siblings and/or daycare attendance. Young chronological age during the RSV
season, having school-age siblings, daycare attendance, breastfeeding less than 2 months and small for

gestational age were identified as risk factors for hospitalization by a systematic review published by Mauskopfare
et al. [B1,

2.2.2. Latest Monoclonal Antibodies against RSV

Over the last decades, efforts continued to develop new mAbs with a potential better cost-effectiveness ratio
compared to palivizumab, or with extended serum half-life BUB8 RSV mAbs in clinical development are

summarized in Table 2.

Table 2. Overview of the RSV mAbs in clinical development; only the most recent and the ongoing trials are

reported.

RCT’s Characteristics and Phase,

. Enroliment’s Time and Cohort Study ID
Ul LCTe et Dosage and Route Ref.
Published Result Summary
MEDI-493 RSV F glycoprotein Multicenter, randomized, placebo- 29
(Palivizumab) (1gGy) controlled, phase 3 trial enrolling 1502

premature or BPD infant

Monthly i.m. administration of MEDI-493
(15 mg/kg bw)

Comparing palivizumab prophylaxis vs.
placebo:

« global reduced incidence of RSV-
related hospitalization by 55%

(hospitalization in palivizumab group
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mAb

Target Site

RCT’s Characteristics and Phase,

Enroliment’s Time and Cohort
Dosage and Route
Published Result Summary

Study ID
Ref.

4.8% vs. placebo group 10.6%, p =
0.00004)

« reduced incidence in premature infants

without BPD by 78% and in BPD

infants by 39%

No significant differences in reported
adverse events between the two groups

RSHZ19
(SB 209763)

RSV F glycoprotein
(19G1)

Phase 3 trial with 800 recruited at-risk
infants (unknown enrollment’s time)
Monthly/bimonthly i.m. administration of
RSHZ19 (10 mg/kg bw):

« failure in protection against RSV

disease

(D. Burch,
personal
communication)
cited in 3]

HNK20

RSV F glycoprotein
(I9A)

Multicenter controlled trial (NA phase)
conducted on more than 600 at-risk
infants for severe RSV

i.n. administration of HNK20 (NA timing
and dosage) vs. placebo:

 treatment with HNK20 did not result in
a significant decrease in the incidence
of hospitalization for RSV LRTI

Cited in [2

MEDI-524
(Motavizumab)

RSV F glycoprotein
(19G1)

Multicenter, double-blind, randomized,
non-inferiority, palivizumab-controlled,
phase 3 trial enrolling 6635 preterm or
with CLD infants, with monthly i.m.
administration of motavizumab or
palivizumab (15 mg/kg bw):

» Relative reduction in RSV

hospitalization by 26% (achieving non-

inferiority to palivizumab)

« Overall, no significant difference of

reported AE between groups

o Cutaneous events reported in 2

percentage points more in

ClinicalTrials.gov
registration
number

NCT00129766
[83]
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RCT’s Characteristics and Phase,
Enrollment’s Time and Cohort Study ID
Dosage and Route Ref.
Published Result Summary

mAb Target Site

motavizumab than palivizumab group
(7.2% vs. 5.1%)

Double-blind, randomized, placebo-

controlled, single-dose, escalation study

(phase 1) enrolling 31 healthy adults,

randomized to receive a single i.v. dose of

motavizumab-YTE or motavizumab (0.3,

3, 15, or 30 mg/kg) and followed for 240

days:

« Significantly lower clearance of

ClinicalTrials.gov

RSV F glycoprotein motavizumab-YTE than motavizumab . .
registration

Motavizumab- (IlgG4 with 71% vs. 86%
YTE M252Y/S254T/T256E ( ) Nc?gglsgzresz

amino acidic substitution) 84]
e 2-to 4-fold longer half-life (t1/2) of

motavizumab-YTE than motavizumab

« Comparable safety and incidence of
ADA between motavizumab-YTE and

motavizumab

Double-blind, randomized, placebo-
controlled, phase 3 trial enrolling 1154
preterm infants ineligible or without access
to palivizumab over 3 RSV seasons
(November 2015-September 2017), i.m.
suptavumab (30 mg/kg bw, 1 or 2 doses
administered 8 weeks apart) vs. placebo:

« no significant differences between ClinicalTrials.gov
primary endpoint (RSV-related registration

number

NCT02325791
(8.1%, placebo vs. 7.7%, 1-dose vs. [85]

9.3%, 2-dose)

REGN-2222 RSV F glycoprotein
(Suptavumab) (1gGy) hospitalization or outpatient LRTI) rates

« failure in reducing RSV hospitalizations
or outpatient LRTI because of a newly

circulating mutant strain of RSV B

MEDI-8897 site @ of the prefusion Multicenter, double-blind, randomized, ClinicalTrials.gov
(Nirsevimab) conformation of F placebo-controlled, phase 2b trial enrolling registration
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RCT’s Characteristics and Phase,

. Enroliment’s Time and Cohort Study ID
i LI el Dosage and Route Ref.
Published Result Summary
glycoprotein (IgG1 with 1453 preterm infants between Nov 2016 to number
YTE amino acidic Nov 2017 NCT02878330
substitution) im administration of a single dose of (B6yE7]

nirsevimab (50 mg) vs. placebo and
follow-up for 360 days:

e mean half-life 59.3 + 9.6 days

 similar ADA responses (MEDI-8897
5.6% vs. placebo 3.8%)

» nirsevimab reduced RSV-LRTI
compared to placebo (ARR 6.9%; 95%
Cl, 4.1%-9.7% and NNT 14.5; 95% ClI,
10.3-24.3)

» nirsevimab reduced hospitalization for
RSV-disease compared to placebo
(ARR 3.3%; 95% ClI, 1.4%—-5.2%; NNT
30.3; 95% Cl, 19.4-69.5)

Multicenter, double-blind, randomized,
placebo-controlled, phase 3 trial recruiting
3000 healthy late preterm and term infants
not eligible to receive palivizumab’s
prophylaxis, the study started in July 2019

and it is still in progress (estimated ClinicalTrials.gov

completion date in April 2023), NA dosage registration

and timing of nirsevimab, number

Follow-up for 510 days after dosing: NCT03979313
88

e Primary outcome (incidence of
medically attended LRTI due to RT-
PCR confirmed RSV 150 days post-

administration): results NA yet

Multicenter, double-blind, randomized, ClinicalTrials.gov
Palivizumab-controlled, phase 2/3 study registration
enrolling 1500 high-risk children (preterm number
infants without CLD/CHD or infants with NCTOEé[_g]59488

CLD or with hemodynamically significant
CHD), the trial is recruiting since July 2019
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RCT’s Characteristics and Phase,

. Enroliment’s Time and Cohort Study ID
i LI el Dosage and Route Ref.
Published Result Summary
(estimated completion date in December
2021)
» Primary outcome (safety and
tolerability of nirsevimab): results NA
yet
Open-label, uncontrolled, single-dose
study enrolling 30 immunocompromised
Japanese children aged <2 years since
Aug 2020 for 2 RSV epidemic seasons
(estimated completion date in Nov 2022),
i.m. administration of nirsevimab (50 mg if ClinicalTrial
bw < 5 kg or 100 mg if bw > 5 kg if nica trla;s.gov
patients are enrolled during their 1st RSV regis rg on
season, whereas subjects entering their number
. . . . NCT04484935
2nd RSV season will receive a single fixed 190] )
200 mg dose), and follow-up for 1 year / disease,
« Primary outcome (safety, tolerability, 1se, HR =
occurrence of ADA, and efficacy of = Lower
nirsevimab): results NA yet tial Virus,
Double-Blind, randomized, placebo-
Controlled, phase 2a study enrolling 80 'modeling
healthy adults, Oct 2019—-Mar 2020 = tei
(estimated study completion date: Aug protein
2020), witd3 single i.v. administration of S avizumab
site 11l of theF MK-1654 (4 diffgfent dose levels, NA ClinicalTrials.gov
; registration randomly
glycoprotein dosage for each level) and subsequent i.n.
MK-1654 (IgGy with YTE amino _ inoculation with RSV number ar results
acidic substitution) e Primary outcome (VL-AUC from day(24] NCTOA{,[_%%MZ 1 children
through day 11, and from day 31 [95] jite these
through day 40 after viral inoculation): recipients
results NA yet .
: on of this
[30](83] d form of
Double-blind, randomized, placebo- ClinicalTrials.gov  gvizumab
i%wtrolled, single ascending dose, phase registration
, recruiting 180 healthy preterm and number to reduce
full-term infants since Sep 2018 NCT03524118 continued
@{estimated study completion date: Oct 2] G Ab
2021), i.m. administration of MK-1654 g1 M
(randomization into 1 of 4 dose escalation ivizumab,

CUNMAYUTTTUN UHTUVVUU U VUV UAIS JWIU Ly Vi

groups) and follow-up for 545 days

Mravenu

TICUULLY AUl VUTUTIiltC vl o

. wiuie 1eueniay, o Phase 3

trial was conducted on 1154 preterm infants who were ineligible or without access to palivizumab. Patients were

treated with 1 or 2 doses (administered 8 weeks apart) of intramuscular suptavumab (30 mg/kg bw). No significant

https://encyclopedia.pub/entry/9099

12/25



Respiratory Syncytial Virus Passive Immunoprophylaxis | Encyclopedia.pub

RCT’s Characteristics and Phase, ebo and
. Enroliment’s Time and Cohort Study ID

85
mAb Target Site Dosage and Route Ref. ) B3], The
Published Result Summary s, in fact,
« Primary outcome (safety, tolerability, d that the
pharmacokinetics, and incidence of mab was
[97] ADA):lresuIts NA yet This site,
of a mAb

that binds these specific epitopes consists in the neutralization and consequent protection from diverse RSV A and
B strains. Preclinical studies demonstrated a potent in vivo protection in cotton rats 2883 MK-1654 can be
considered an improved version of RB1. It is the same mAb with a YTE aminoacidic chains’ substitution
(M252Y/S254T/T256E) that extends its half-life. Currently, MK-1654 is the object of clinical trials. In a double-
blinded, Phase 1 study involving 152 healthy adult volunteers, it resulted safe as the placebo and its half-life
amounted to an average of 73-88 days [23. A Phase 2a trial enrolled 80 healthy adults to determine if a single
intravenous dose of MK-1654, when administered at one of four dose levels, decreases viral RSV load compared
to placebo. Completed in August 2020, the results of this trial are not available yet 2. The first trial focused on
infants started in September 2018 and is still recruiting. The aim of this study is to evaluate the safety and
tolerability of a single ascending doses of MK-1654 in a total of 180 healthy preterm (29-35 wGA) and full-term
(>35 wGA) infants that will be checked up to 545 days from the mAb injection 22,

Recently, research focused on the prefusion form of viral F protein (called pre-F protein) that differs from the
proteic form after viral fusion with the host cell. In the prefusion form, F protein exhibits epitopes that result highly
conserved in different RSV serotypes. MEDI-8897 (also called nirsevimab) is an example of this type of mAbs that
could represent a real improvement in passive immunoprophylaxis for RSV. Nirsevimab is an IgG; mAb that targets
antigenic site @ on the F glycoprotein of RSV, demonstrating a greater neutralizing potency than palivizumab.
Moreover, its half-life results extended thanks to YTE technology (the triple amino acid substitutions also used for
mota-YTE), reaching the possibility of protection against RSV for an entire season with a single administration 199,
Nirsevimab showed a mean half-life of about 80-120 days and a favorable safety profile in randomized, double-
blind, placebo-controlled clinical trials conducted in healthy adults and healthy preterm infants [101102 |n g
multicenter randomized placebo-controlled trial conducted in premature infants, nirsevimab reduced the risk of
RSV-LRTI (absolute risk reduction (ARR) 6.9%; number needed to treat (NNT) 14.5) and hospitalization (ARR
3.3%; NNT 30.3) respectively [B8IE7] A Phase 3 study is currently recruiting about 3000 healthy late preterm and
term infants to determine the efficacy of niservimab in these patients, who would not be eligible to receive RSV
prophylaxis B8, In July 2019 another trial started directly comparing nirsevimab to palivizumab in high-risk children,
whereas in August 2020 this mAb started to be tested in immunocompromised Japanese children aged <2 years

(89901 Recruitment for these studies is still open.

Some RSV mAbs have been tested only in preclinical trials; their main results are summarized in Table 3. To date,

no studies involving humans are available for these mAbs.

Table 3. Summary of the RSV mAbs in preclinical development; only the most recent trials are reported.

https://encyclopedia.pub/entry/9099 13/25



Respiratory Syncytial Virus Passive Immunoprophylaxis | Encyclopedia.pub

Characteristics of In Vitro or In Vivo Study, Dosage and
mAb Target Site Route, Ref.
Published Result Summary

In vivo study conducted on 6-8-week-old female of BALB/c mice or
129S6/svEv-Statl-deficient mice, with i.v. administration of MPES8 at

e e different doses (varying from 0.12 to 30 mg/kg bw),

F glycoprotein

MPES (2 highly conserved  MPES8 showed potent prophylactic efficacy of hRSV and hMPV [103]
anti-parallel infection, and both a prophylactic and a therapeutic effect against
b-strands) pneumonia virus of mice

In vitro analyses were conducted on LLC-MK2 cells and Hep-2 cells
In vivo study was conducted on 6-week-old female DBA/2 (permissive
for all 4 hMPV subgroups) and BALB/c mice, with administration of
54G10 at different doses (0.2 mg/Kg and 0.6 mg/Kg, NA route):

. e 54G10 neutralized all 4 subgroups of hMPV in vitro and it was both
Prefusion form of F [104]

54G10 glycoprotein prophylactic and therapeutic against hMPV in vivo

e 54G10 also in vitro neutralized RSV activity and it was both

prophylactic and therapeutic against hRSV in vivo

Prefusion form of F
glycoprotein
(identified Ab from a  In vitro 25P13 showed to target the same conserved surface patch of
25P13 blood donor with residues on F similar to MPE8 (HCDR1 and HCDR2 are >80% [205]
conserved surface conserved)
patch of residues
similar to MPES8)

In vitro analyses were conducted on Hep-2 cells and Vero cells:

S G 6 e 17E10 showed a binding pose similar to the mAb 101F, results

17E10 glycoprotein suggested that binding to the antigenic site IV is indicative of (106]
(antigen IV site) cross-reactivity with hMPV and hRSV
131-2G G glycoprotein In vivo study was conducted on 6-week-old female of BALB/c mice, [207]

with RSV inoculation (108 TCIDsy/50 uL) on day 0, administration of
131-2G (anti-G protein) or 143-6C (anti-F protein similar to
palivizumab) (300 pug/mL) or nothing on day 3, lung and BAL
collection on days 4-8, pulse oximeter measurements on days 6, 8,
10 and 12

e 131-2G associated with a rapid decrease in the total BAL
inflammatory cell number compared to untreated mice for all days
after treatment (p < 0.05), differently from treatment with 143-6C

compared to untreated mice (p = 0.05)
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mAb Target Site

Characteristics of In Vitro or In Vivo Study, Dosage and
Route,
Published Result Summary

Ref.

« 131-2G associated with decreased airway dysfunction measured
by pulse oximeter (p < 0.001) at all time points, differently from

143-6C, associated with a decrease only since day 8

2B11
and G glycoprotein
3D3

In vivo study was conducted on 4-6-week-old, specific-pathogen-free,
female BALBI/c;different groups with i.p. administration of of 2B11,
3D3, palivizumab, or normal human IgG;prophylactic treatment:
administration 1 day prior to i.n. RSV infection of different dose
levels(5 mg/kg, 1.5 mg/kg, 0.15 mg/kg, 0.015 mg/kg or 0.0015
mg/kg);therapeutic treatment: administration on day 3 post-i.n. RSV
infection of 5 mg/kg bw

« Prophylactic treatment: significantly reduced BAL CD3+ (only
2B11), CD11b+, B220+, and DX5+ (2B11 and 3D3), NK cells

(2B11 and 3D3) comparing to palivizumab and normal human IgG

o Therapeutic treatment: decreased viral lung titers at day post-
inoculation (2B11, 3D3, but also palivizumab), reduction in total
lung leukocytes on day 5 (2B11, 3D3) differently from palivizumab,
that did not reduce total BAL cells on day 5

108

GD-

mAb G glycoprotein

In vitro analyses were conducted on Vero cells

In vivo study was conducted on 8-week-old female of BALB/c mice,
different groups with administration of GD-mADb (different dose levels:
3 mg/Kg, 1.5 mg/Kg, 0.32 mg/Kg, 0.16 mg/Kg, 0.032 mg/Kg) vs.
ribavirin (0.05 g/kg per day) vs. nothing

¢ In vitro: GD-mAb associated with RSV neutralization

e Invivo: GD-mADb significantly decreased the viral titer in the lungs

and the pulmonary inflammatory response

1091 \termining

aspiratory

I W  UTTUOUTUJIIVITY

Currently, palivizumab is the only licensed mAb for RSV prophylaxis. Given its high cost, this mAb is recommended

only in high-risk infants, including those born preterm and those with BPD and hemodynamically significant CHD,

and in selected cases of clinical rare pathologic conditions (i.e., neuromuscular disease, congenital anatomic

pulmonary abnormalities, severe immunodeficiency). However, many pediatric RSV-related hospitalizations do not

fully meet the criteria for palivizumab and, in developing countries, palivizumab is not available. For these reasons,

new mAbs with a potential better cost-effectiveness ratio than palivizumab are under development. Long-lasting

mADbs with strong neutralizing activity like niservimab are the most promising candidates, as they might lead to

protection of infants for an entire RSV season with a single administration.

https://encyclopedia.pub/entry/9099

15/25



Respiratory Syncytial Virus Passive Immunoprophylaxis | Encyclopedia.pub

References

1. Collins, P.L.; Fearns, R.; Graham, B.S. Respiratory Syncytial Virus: Virology, Reverse Genetics,
and Pathogenesis of Disease. Curr. Top. Microbiol. Immunol. 2013, 372, 3—-38.

2. Vandini, S.; Biagi, C.; Lanari, M. Respiratory Syncytial Virus: The Influence of Serotype and
Genotype Variability on Clinical Course of Infection. Int. J. Mol. Sci. 2017, 18, 1717.

3. Melero, J.A.; Mas, V.; McLellan, J.S. Structural, Antigenic and Immunogenic Features of
Respiratory Syncytial Virus Glycoproteins Relevant for Vaccine Development. Vaccine 2017, 35,
461-468.

4. Johnson, J.E.; Gonzales, R.A.; Olson, S.J.; Wright, P.F.; Graham, B.S. The Histopathology of
Fatal Untreated Human Respiratory Syncytial Virus Infection. Mod. Pathol. Off. J. U. S. Can.
Acad. Pathol. Inc. 2007, 20, 108-119.

5. Simoes, E.A. Respiratory Syncytial Virus Infection. Lancet Lond. Engl. 1999, 354, 847-852.

6. Shi, T.; McAllister, D.A.; O'Brien, K.L.; Simoes, E.A.F.; Madhi, S.A.; Gessner, B.D.; Polack, F.P.;
Balsells, E.; Acacio, S.; Aguayo, C.; et al. Global, Regional, and National Disease Burden
Estimates of Acute Lower Respiratory Infections Due to Respiratory Syncytial Virus in Young
Children in 2015: A Systematic Review and Modelling Study. Lancet Lond. Engl. 2017, 390, 946—
958.

7. Stein, R.T.; Bont, L.J.; Zar, H.; Polack, F.P.; Park, C.; Claxton, A.; Borok, G.; Butylkova, Y.;
Wegzyn, C. Respiratory Syncytial Virus Hospitalization and Mortality: Systematic Review and
Meta-Analysis. Pediatr. Pulmonol. 2017, 52, 556-569.

8. Ralston, S.L.; Lieberthal, A.S.; Meissner, H.C.; Alverson, B.K.; Baley, J.E.; Gadomski, A.M.;
Johnson, D.W.; Light, M.J.; Maraqga, N.F.; Mendonca, E.A.; et al. Clinical Practice Guideline: The
Diagnosis, Management, and Prevention of Bronchiolitis. Pediatrics 2014, 134, e1474—e1502.

9. Caffrey Osvald, E.; Clarke, J.R. NICE Clinical Guideline: Bronchiolitis in Children. Arch. Dis. Child.
Educ. Pract. Ed. 2016, 101, 46-48.

10. Blanken, M.O.; Rovers, M.M.; Molenaar, J.M.; Winkler-Seinstra, P.L.; Meijer, A.; Kimpen, J.L.L.;
Bont, L. Respiratory Syncytial Virus and Recurrent Wheeze in Healthy Preterm Infants. N. Engl. J.
Med. 2013, 368, 1791-1799.

11. Meissner, H.C. Viral Bronchiolitis in Children. N. Engl. J. Med. 2016, 374, 62—72.
12. Meates-Dennis, M. Bronchiolitis. Arch. Dis. Child. Educ. Pract. 2005, 90, ep81—-ep86.

13. American Academy of Pediatrics Committee on Infectious Diseases; American Academy of
Pediatrics Bronchiolitis Guidelines Committee. Updated Guidance for Palivizumab Prophylaxis
among Infants and Young Children at Increased Risk of Hospitalization for Respiratory Syncytial
Virus Infection. Pediatrics 2014, 134, 415-420.

https://encyclopedia.pub/entry/9099 16/25



Respiratory Syncytial Virus Passive Immunoprophylaxis | Encyclopedia.pub

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Pignotti, M.S.; Carmela Leo, M.; Pugi, A.; De Masi, S.; Biermann, K.P.; Galli, L.; Vitali Rosati, G.;
Buonocore, G.; Mugelli, A.; Dani, C.; et al. Consensus Conference on the Appropriateness of
Palivizumab Prophylaxis in Respiratory Syncytial Virus Disease. Pediatr. Pulmonol. 2016, 51,
1088-1096.

Mejias, A.; Ramilo, O. New Options in the Treatment of Respiratory Syncytial Virus Disease. J.
Infect. 2015, 71 (Suppl. S1), S80-S87.

Ventre, K.; Randolph, A.G. Ribavirin for Respiratory Syncytial Virus Infection of the Lower
Respiratory Tract in Infants and Young Children. Cochrane Database Syst. Rev. 2007, CD000181.

Wise, J. Do Not Prescribe Antibiotics for Bronchiolitis in Children, Doctors Are Reminded. BMJ
2016, 353, i3541.

Farley, R.; Spurling, G.K.P.; Eriksson, L.; Del Mar, C.B. Antibiotics for Bronchiolitis in Children
under Two Years of Age. Cochrane Database Syst. Rev. 2014, CD005189.

Kneyber, M.C.J.; Blussé van Oud-Alblas, H.; van Vliet, M.; Uiterwaal, C.S.P.M.; Kimpen, J.L.L.;
van Vught, A.J. Concurrent Bacterial Infection and Prolonged Mechanical Ventilation in Infants
with Respiratory Syncytial Virus Lower Respiratory Tract Disease. Intensiv. Care Med. 2005, 31,
680-685.

Thorburn, K.; Harigopal, S.; Reddy, V.; Taylor, N.; van Saene, H.K.F. High Incidence of Pulmonary
Bacterial Co-Infection in Children with Severe Respiratory Syncytial Virus (RSV) Bronchiolitis.
Thorax 2006, 61, 611-615.

Greenes, D.S.; Harper, M.B. Low Risk of Bacteremia in Febrile Children with Recognizable Viral
Syndromes. Pediatr. Infect. Dis. J. 1999, 18, 258-261.

Snyder, R.L.; King, L.M.; Hersh, A.L.; Fleming-Dutra, K.E. Unnecessary Antibiotic Prescribing in
Pediatric Ambulatory Care Visits for Bronchitis and Bronchiolitis in the United States, 2006-2015.
Infect. Control Hosp. Epidemiol. 2020, 1-4.

Kourlaba, G.; Kourkouni, E.; Spyridis, N.; Gerber, J.S.; Kopsidas, J.; Mougkou, K.; Lourida, A.;
Zaoutis, T.E. Antibiotic Prescribing and Expenditures in Outpatient Paediatrics in Greece, 2010—
2013. J. Antimicrob. Chemother. 2015, 70, 2405—-2408.

McCullough, A.R.; Pollack, A.J.; Plejdrup Hansen, M.; Glasziou, P.P.; Looke, D.F.; Britt, H.C.; Del
Mar, C.B. Antibiotics for Acute Respiratory Infections in General Practice: Comparison of
Prescribing Rates with Guideline Recommendations. Med. J. Aust. 2017, 207, 65—69.

Schuh, S.; Lalani, A.; Allen, U.; Manson, D.; Babyn, P.; Stephens, D.; MacPhee, S.; Mokanski, M.;
Khaikin, S.; Dick, P. Evaluation of the Utility of Radiography in Acute Bronchiolitis. J. Pediatr.
2007, 150, 429-433.

https://encyclopedia.pub/entry/9099 17/25



Respiratory Syncytial Virus Passive Immunoprophylaxis | Encyclopedia.pub

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Ralston, S.L.; Garber, M.D.; Rice-Conboy, E.; Mussman, G.M.; Shadman, K.A.; Walley, S.C.;
Nichols, E.; Value in Inpatient Pediatrics Network Quality Collaborative for Improving Hospital
Compliance with AAP Bronchiolitis Guideline (BQIP). A Multicenter Collaborative to Reduce
Unnecessary Care in Inpatient Bronchiolitis. Pediatrics 2016, 137.

Biagi, C.; Pierantoni, L.; Baldazzi, M.; Greco, L.; Dormi, A.; Dondi, A.; Faldella, G.; Lanari, M.
Lung Ultrasound for the Diagnosis of Pneumonia in Children with Acute Bronchiolitis. BMC Pulm.
Med. 2018, 18, 191.

Biagi, C.; Dondi, A.; Scarpini, S.; Rocca, A.; Vandini, S.; Poletti, G.; Lanari, M. Current State and
Challenges in Developing Respiratory Syncytial Virus Vaccines. Vaccines 2020, 8, 672.

The IMpact-RSV Study Group. Palivizumab, a Humanized Respiratory Syncytial Virus Monoclonal
Antibody, Reduces Hospitalization from Respiratory Syncytial Virus Infection in High-Risk Infants.
Pediatrics 1998, 102 Pt 1, 531-537.

Soto, J.A.; Gélvez, N.M.S.; Pacheco, G.A.; Bueno, S.M.; Kalergis, A.M. Antibody Development for
Preventing the Human Respiratory Syncytial Virus Pathology. Mol. Med. Camb. Mass 2020, 26,
35.

Groothuis, J.R.; Simoes, E.A.; Levin, M.J.; Hall, C.B.; Long, C.E.; Rodriguez, W.J.; Arrobio, J.;
Meissner, H.C.; Fulton, D.R.; Welliver, R.C. Prophylactic Administration of Respiratory Syncytial
Virus Immune Globulin to High-Risk Infants and Young Children. The Respiratory Syncytial Virus
Immune Globulin Study Group. N. Engl. J. Med. 1993, 329, 1524-1530.

The PREVENT Study Group. Reduction of Respiratory Syncytial Virus Hospitalization among
Premature Infants and Infants with Bronchopulmonary Dysplasia Using Respiratory Syncytial
Virus Immune Globulin Prophylaxis. Pediatrics 1997, 99, 93-99.

Simoes, E.A.; Sondheimer, H.M.; Top, F.H.; Meissner, H.C.; Welliver, R.C.; Kramer, A.A,;
Groothuis, J.R. Respiratory Syncytial Virus Immune Globulin for Prophylaxis against Respiratory
Syncytial Virus Disease in Infants and Children with Congenital Heart Disease. The Cardiac Study
Group. J. Pediatr. 1998, 133, 492—-499.

Johnson, S.; Oliver, C.; Prince, G.A.; Hemming, V.G.; Pfarr, D.S.; Wang, S.C.; Dormitzer, M.;
O’Grady, J.; Koenig, S.; Tamura, J.K.; et al. Development of a Humanized Monoclonal Antibody
(MEDI-493) with Potent in Vitro and in Vivo Activity against Respiratory Syncytial Virus. J. Infect.
Dis. 1997, 176, 1215-1224.

Respiratory Syncytial Virus Immune Globulin Intravenous: Indications for Use. American Academy
of Pediatrics Committee on Infectious Diseases, Committee on Fetus and Newborn. Pediatrics
1997, 99, 645-650.

Mejias, A.; Garcia-Maurino, C.; Rodriguez-Fernandez, R.; Peeples, M.E.; Ramilo, O.
Development and Clinical Applications of Novel Antibodies for Prevention and Treatment of

https://encyclopedia.pub/entry/9099 18/25



Respiratory Syncytial Virus Passive Immunoprophylaxis | Encyclopedia.pub

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

Respiratory Syncytial Virus Infection. Vaccine 2017, 35, 496-502.

ADMA Biologics, Inc. RI-001 in Immunosuppressed Respiratory Syncytial Virus (RSV) Infected
Patients at Risk of Lower Tract RSV lliness; Clinical Trial Registration NCT00632463. Available
online: (accessed on 15 February 2021).

Falsey, A.R.; Koval, C.; DeVincenzo, J.P.; Walsh, E.E. Compassionate Use Experience with High-
Titer Respiratory Syncytical Virus (RSV) Immunoglobulin in RSV-Infected Immunocompromised
Persons. Transpl. Infect. Dis. Off. J. Transplant. Soc. 2017, 19.

ADMA Biologics, Inc. An Open Label, Multicenter, Study to Evaluate the Pharmacokinetics,
Efficacy and Safety of RI-002 (IGIV) in Subjects With Primary Immunodeficiency Diseases
(PIDD); Clinical Trial Registration NCT01814800. Available online: (accessed on 20 February
2021).

Weltzin, R.; Hsu, S.A.; Mittler, E.S.; Georgakopoulos, K.; Monath, T.P. Intranasal Monoclonal
Immunoglobulin A against Respiratory Syncytial Virus Protects against Upper and Lower
Respiratory Tract Infections in Mice. Antimicrob. Agents Chemother. 1994, 38, 2785-2791.

Weltzin, R.; Traina-Dorge, V.; Soike, K.; Zhang, J.Y.; Mack, P.; Soman, G.; Drabik, G.; Monath,
T.P. Intranasal Monoclonal IgA Antibody to Respiratory Syncytial Virus Protects Rhesus Monkeys
against Upper and Lower Respiratory Tract Infection. J. Infect. Dis. 1996, 174, 256—261.

Delagrave, S.; Catalan, J.; Sweet, C.; Drabik, G.; Henry, A.; Rees, A.; Monath, T.P.; Guirakhoo, F.
Effects of Humanization by Variable Domain Resurfacing on the Antiviral Activity of a Single-Chain
Antibody against Respiratory Syncytial Virus. Protein Eng. 1999, 12, 357-362.

Wyde, P.R.; Moore, D.K.; Hepburn, T.; Silverman, C.L.; Porter, T.G.; Gross, M.; Taylor, G.;
Demuth, S.G.; Dillon, S.B. Evaluation of the Protective Efficacy of Reshaped Human Monoclonal
Antibody RSHZ19 against Respiratory Syncytial Virus in Cotton Rats. Pediatr. Res. 1995, 38,
543-550.

Everitt, D.E.; Davis, C.B.; Thompson, K.; DiCicco, R.; llson, B.; Demuth, S.G.; Herzyk, D.J.;
Jorkasky, D.K. The Pharmacokinetics, Antigenicity, and Fusion-Inhibition Activity of RSHZ19, a
Humanized Monoclonal Antibody to Respiratory Syncytial Virus, in Healthy Volunteers. J. Infect.
Dis. 1996, 174, 463—-469.

Johnson, S.; Griego, S.D.; Pfarr, D.S.; Doyle, M.L.; Woods, R.; Carlin, D.; Prince, G.A.; Koenig,
S.; Young, J.F.; Dillon, S.B. A Direct Comparison of the Activities of Two Humanized Respiratory
Syncytial Virus Monoclonal Antibodies: MEDI-493 and RSHZI9. J. Infect. Dis. 1999, 180, 35-40.

Meissner, H.C.; Groothuis, J.R.; Rodriguez, W.J.; Welliver, R.C.; Hogg, G.; Gray, P.H.; Loh, R;
Simoes, E.A.F.; Sly, P.; Miller, A.K.; et al. Safety and Pharmacokinetics of an Intramuscular
Monoclonal Antibody (SB 209763) against Respiratory Syncytial Virus (RSV) in Infants and Young
Children at Risk for Severe RSV Disease. Antimicrob. Agents Chemother. 1999, 43, 1183-1188.

https://encyclopedia.pub/entry/9099 19/25



Respiratory Syncytial Virus Passive Immunoprophylaxis | Encyclopedia.pub

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

FDA. “SYNAGIS® (PALIVIZUMAB) for Intramuscular Administration”. Available online: (accessed
on 15 February 2021).

Simoes, E.a.F.; Groothuis, J.R. Respiratory Syncytial Virus Prophylaxis—The Story so Far.
Respir. Med. 2002, 96 (Suppl. B), S15-S24.

Feltes, T.F.; Cabalka, A.K.; Meissner, H.C.; Piazza, F.M.; Carlin, D.A.; Top, F.H.; Connor, E.M.;
Sondheimer, H.M.; Cardiac Synagis Study Group. Palivizumab Prophylaxis Reduces
Hospitalization Due to Respiratory Syncytial Virus in Young Children with Hemodynamically
Significant Congenital Heart Disease. J. Pediatr. 2003, 143, 532-540.

Saez-Llorens, X.; Castafio, E.; Null, D.; Steichen, J.; Sanchez, P.J.; Ramilo, O.; Top, F.H.; Connor,
E. Safety and Pharmacokinetics of an Intramuscular Humanized Monoclonal Antibody to
Respiratory Syncytial Virus in Premature Infants and Infants with Bronchopulmonary Dysplasia.
The MEDI-493 Study Group. Pediatr. Infect. Dis. J. 1998, 17, 787-791.

Subramanian, K.N.; Weisman, L.E.; Rhodes, T.; Ariagno, R.; Sanchez, P.J.; Steichen, J.; Givner,
L.B.; Jennings, T.L.; Top, F.H.; Carlin, D.; et al. Safety, Tolerance and Pharmacokinetics of a
Humanized Monoclonal Antibody to Respiratory Syncytial Virus in Premature Infants and Infants
with Bronchopulmonary Dysplasia. MEDI-493 Study Group. Pediatr. Infect. Dis. J. 1998, 17, 110—
115.

Prevention of Respiratory Syncytial Virus Infections: Indications for the Use of Palivizumab and
Update on the Use of RSV-IGIV. American Academy of Pediatrics Committee on Infectious
Diseases and Committee of Fetus and Newborn. Pediatrics 1998, 102, 1211-1216.

American Academy of Pediatrics Committee on Infectious Diseases and Committee on Fetus and
Newborn. Revised Indications for the Use of Palivizumab and Respiratory Syncytial Virus Immune
Globulin Intravenous for the Prevention of Respiratory Syncytial Virus Infections. Pediatrics 2003,
112 Pt 1, 1442-1446.

Diseases, C.I. Modified Recommendations for Use of Palivizumab for Prevention of Respiratory
Syncytial Virus Infections. Pediatrics 2009, 124, 1694-1701.

Hall, C.B.; Weinberg, G.A.; Blumkin, A.K.; Edwards, K.M.; Staat, M.A.; Schultz, A.F.; Poehling,
K.A.; Szilagyi, P.G.; Griffin, M.R.; Williams, J.V.; et al. Respiratory Syncytial Virus-Associated
Hospitalizations among Children Less than 24 Months of Age. Pediatrics 2013, 132, e341-e348.

Stevens, T.P.; Sinkin, R.A.; Hall, C.B.; Maniscalco, W.M.; McConnochie, K.M. Respiratory
Syncytial Virus and Premature Infants Born at 32 Weeks’ Gestation or Earlier: Hospitalization and
Economic Implications of Prophylaxis. Arch. Pediatr. Adolesc. Med. 2000, 154, 55-61.

Boyce, T.G.; Mellen, B.G.; Mitchel, E.F.; Wright, P.F.; Griffin, M.R. Rates of Hospitalization for
Respiratory Syncytial Virus Infection among Children in Medicaid. J. Pediatr. 2000, 137, 865-870.

https://encyclopedia.pub/entry/9099 20/25



Respiratory Syncytial Virus Passive Immunoprophylaxis | Encyclopedia.pub

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

Munoz, F.M.; Ralston, S.L.; Meissner, H.C. RSV Recommendations Unchanged after Review of
New Data. AAP News 2021, 38, 1-4.

Andabaka, T.; Nickerson, J.W.; Rojas-Reyes, M.X.; Rueda, J.D.; Bacic Vrca, V.; Barsic, B.
Monoclonal Antibody for Reducing the Risk of Respiratory Syncytial Virus Infection in Children.
Cochrane Database Syst. Rev. 2013.

Wang, D.; Bayliss, S.; Meads, C. Palivizumab for Immunoprophylaxis of Respiratory Syncytial
Virus (RSV) Bronchiolitis in High-Risk Infants and Young Children: A Systematic Review and
Additional Economic Modelling of Subgroup Analyses. Health Technol. Assess. Winch. Engl.
2011, 15, 1-124.

Luna, M.S.; Manzoni, P.; Paes, B.; Baraldi, E.; Cossey, V.; Kugelman, A.; Chawla, R.; Dotta, A.;
Rodriguez Fernandez, R.; Resch, B.; et al. Expert Consensus on Palivizumab Use for Respiratory
Syncytial Virus in Developed Countries. Paediatr. Respir. Rev. 2020, 33, 35-44.

Carbonell-Estrany, X.; Pérez-Yarza, E.G.; Garcia, L.S.; Guzman Cabafas, J.M.; Boria, E.V;
Atienza, B.B.; IRIS (Infeccién Respiratoria Infantil por Virus Respiratorio Sincitial) Study Group.
Long-Term Burden and Respiratory Effects of Respiratory Syncytial Virus Hospitalization in
Preterm Infants-The SPRING Study. PLoS ONE 2015, 10, e0125422.

Scheltema, N.M.; Nibbelke, E.E.; Pouw, J.; Blanken, M.O.; Rovers, M.M.; Naaktgeboren, C.A.;
Mazur, N.1.; Wildenbeest, J.G.; van der Ent, C.K.; Bont, L.J. Respiratory Syncytial Virus
Prevention and Asthma in Healthy Preterm Infants: A Randomised Controlled Trial. Lancet Respir.
Med. 2018, 6, 257-264.

Marlow, R.; Finn, A.; Henderson, J. Assessing the Association between Bronchiolitis in Infancy
and Recurrent Wheeze: A Whole English Birth Cohort Case-Control Study. Thorax 2019, 74, 503—
505.

Fauroux, B.; Simdes, E.A.F.; Checchia, P.A.; Paes, B.; Figueras-Aloy, J.; Manzoni, P.; Bont, L.;
Carbonell-Estrany, X. The Burden and Long-Term Respiratory Morbidity Associated with
Respiratory Syncytial Virus Infection in Early Childhood. Infect. Dis. Ther. 2017, 6, 173-197.

Shi, T.; Ooi, Y.; Zaw, E.M.; Utjesanovic, N.; Campbell, H.; Cunningham, S.; Bont, L.; Nair, H.;
RESCEU Investigators. Association Between Respiratory Syncytial Virus-Associated Acute Lower
Respiratory Infection in Early Life and Recurrent Wheeze and Asthma in Later Childhood. J.
Infect. Dis. 2020, 222 (Suppl. S7), S628-S633.

Olchanski, N.; Hansen, R.N.; Pope, E.; D'Cruz, B.; Fergie, J.; Goldstein, M.; Krilov, L.R.;
McLaurin, K.K.; Nabrit-Stephens, B.; Oster, G.; et al. Palivizumab Prophylaxis for Respiratory
Syncytial Virus: Examining the Evidence Around Value. Open Forum Infect. Dis. 2018, 5, ofy031.

Narayan, O.; Bentley, A.; Mowbray, K.; Hermansson, M.; Pivonka, D.; Kemadjou, E.N.; Belsey, J.
Updated Cost-Effectiveness Analysis of Palivizumab (Synagis) for the Prophylaxis of Respiratory

https://encyclopedia.pub/entry/9099 21/25



Respiratory Syncytial Virus Passive Immunoprophylaxis | Encyclopedia.pub

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

Syncytial Virus in Infant Populations in the UK. J. Med. Econ. 2020, 1-13.

Bollani, L.; Baraldi, E.; Chirico, G.; Dotta, A.; Lanari, M.; Del Vecchio, A.; Manzoni, P.; Boldrini, A.;
Paolillo, P.; Di Fabio, S.; et al. Revised Recommendations Concerning Palivizumab Prophylaxis
for Respiratory Syncytial Virus (RSV). Ital. J. Pediatr. 2015, 41, 97.

Figueras Aloy, J.; Carbonell Estrany, X. Update of Recommendations on the Use of Palivizumab
as Prophylaxis in RSV Infections. An. Pediatria Engl. Ed. 2015, 82, 199.e1-199.e2.

Gazzetta Ufficiale. Available online: (accessed on 23 January 2021).

Cutrera, R.; Wolfler, A.; Picone, S.; Rossi, G.A.; Gualberti, G.; Merolla, R.; Del Vecchio, A.; Villani,
A.; Midulla, F.; Dotta, A. Impact of the 2014 American Academy of Pediatrics Recommendation
and of the Resulting Limited Financial Coverage by the Italian Medicines Agency for Palivizumab
Prophylaxis on the RSV-Associated Hospitalizations in Preterm Infants during the 2016-2017
Epidemic Season: A Systematic Review of Seven Italian Reports. Ital. J. Pediatr. 2019, 45, 139.

Capizzi, A.; Silvestri, M.; Orsi, A.; Cutrera, R.; Rossi, G.A.; Sacco, O. The Impact of the Recent
AAP Changes in Palivizumab Authorization on RSV-Induced Bronchiolitis Severity and Incidence.
Ital. J. Pediatr. 2017, 43, 71.

Silvestri, M.; Marando, F.; Costanzo, A.M.; di Luzio Paparatti, U.; Rossi, G.A. Respiratory
Syncytial Virus-Associated Hospitalization in Premature Infants Who Did Not Receive
Palivizumab Prophylaxis in Italy: A Retrospective Analysis from the Osservatorio Study. Ital. J.
Pediatr. 2016, 42, 40.

Gazzetta Ufficiale. Available online: (accessed on 23 January 2021).

Krilov, L.R.; Anderson, E.J. Respiratory Syncytial Virus Hospitalizations in US Preterm Infants
after the 2014 Change in Immunoprophylaxis Guidance by the American Academy of Pediatrics.
J. Perinatol. 2020, 40, 1135-1144.

Anderson, E.J.; DeVincenzo, J.P.; Simdes, E.A.F.; Krilov, L.R.; Forbes, M.L.; Pannaraj, P.S.;
Espinosa, C.M.; Welliver, R.C.; Wolkoff, L.I.; Yogev, R.; et al. SENTINEL1: Two-Season Study of
Respiratory Syncytial Virus Hospitalizations among U.S. Infants Born at 29 to 35 Weeks’
Gestational Age Not Receiving Immunoprophylaxis. Am. J. Perinatol. 2020, 37, 421-429.

Resch, B. Product Review on the Monoclonal Antibody Palivizumab for Prevention of Respiratory
Syncytial Virus Infection. Hum. Vaccines Immunother. 2017, 13, 2138-2149.

Blanken, M.O.; Paes, B.; Anderson, E.J.; Lanari, M.; Sheridan-Pereira, M.; Buchan, S.; Fullarton,
J.R.; Grubb, E.; Notario, G.; Rodgers-Gray, B.S.; et al. Risk Scoring Tool to Predict Respiratory
Syncytial Virus Hospitalisation in Premature Infants. Pediatr. Pulmonol. 2018, 53, 605—-612.

Cetinkaya, M.; Oral, T.K.; Karatekin, S.; Cebeci, B.; Babayigit, A.; Yesil, Y. Efficacy of Palivizumab
Prophylaxis on the Frequency of RSV-Associated Lower Respiratory Tract Infections in Preterm

https://encyclopedia.pub/entry/9099 22/25



Respiratory Syncytial Virus Passive Immunoprophylaxis | Encyclopedia.pub

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

Infants: Determination of the Ideal Target Population for Prophylaxis. Eur. J. Clin. Microbiol. Infect.
Dis. 2017, 36, 1629-1634.

Mauskopf, J.; Margulis, A.V.; Samuel, M.; Lohr, K.N. Respiratory Syncytial Virus Hospitalizations
in Healthy Preterm Infants: Systematic Review. Pediatr. Infect. Dis. J. 2016, 35, e229—e238.

Weltzin, R.; Monath, T.P. Intranasal Antibody Prophylaxis for Protection against Viral Disease.
Clin. Microbiol. Rev. 1999, 12, 383—-393.

Carbonell-Estrany, X.; Simdes, E.A.F.; Dagan, R.; Hall, C.B.; Harris, B.; Hultquist, M.; Connor,
E.M.; Losonsky, G.A.; Motavizumab Study Group. Motavizumab for Prophylaxis of Respiratory
Syncytial Virus in High-Risk Children: A Noninferiority Trial. Pediatrics 2010, 125, e35-e51.

Robbie, G.J.; Criste, R.; Dall’acqua, W.F.; Jensen, K.; Patel, N.K.; Losonsky, G.A.; Griffin, M.P. A
Novel Investigational Fc-Modified Humanized Monoclonal Antibody, Motavizumab-YTE, Has an
Extended Half-Life in Healthy Adults. Antimicrob. Agents Chemother. 2013, 57, 6147—6153.

Simdes, E.A.F.; Forleo-Neto, E.; Geba, G.P.; Kamal, M.; Yang, F.; Cicirello, H.; Houghton, M.R.;
Rideman, R.; Zhao, Q.; Benvin, S.L.; et al. Suptavumab for the Prevention of Medically Attended
Respiratory Syncytial Virus Infection in Preterm Infants. Clin. Infect. Dis. Off. Publ. Infect. Dis.
Soc. Am. 2020.

Griffin, M.P.; Yuan, Y.; Takas, T.; Domachowske, J.B.; Madhi, S.A.; Manzoni, P.; Simoes, E.A.F,;
Esser, M.T.; Khan, A.A.; Dubovsky, F.; et al. Single-Dose Nirsevimab for Prevention of RSV in
Preterm Infants. N. Engl. J. Med. 2020, 383, 415-425.

Madhi, S.A.; Simdes, E.A.F. Single-Dose Nirsevimab Prevents RSV Infection. J. Pediatr. 2021,
228, 310-313.

Medimmune LLC. A Phase 3 Randomized, Double-Blind, Placebo-Controlled Study to Evaluate
the Safety and Efficacy of MEDI8897, a Monoclonal Antibody With an Extended Half-Life Against
Respiratory Syncytial Virus, in Healthy Late Preterm and Term Infants (MELODY); Clinical Trial
Registration NCT03979313. Available online: (accessed on 10 February 2021).

Medimmune LLC. A Phase 2/3 Randomized, Double-Blind, Palivizumab-Controlled Study to
Evaluate the Safety of MEDI8897, a Monoclonal Antibody With an Extended Half-Life Against
Respiratory Syncytial Virus, in High-Risk Children (MEDLEY); Clinical trial registration
NCT03959488. Available online: (accessed on 10 February 2021).

AstraZeneca. A Phase 2, Open-Label, Uncontrolled, Single-Dose Study to Evaluate the Safety
and Tolerability, Pharmacokinetics, and Occurrence of Antidrug Antibody for Nirsevimab in
Immunocompromised Japanese Children < 24 Months of Age; Clinical Trial Registration
NCT04484935. Available online: (accessed on 10 February 2021).

Merck Sharp & Dohme Corp. A Phase 2a Double-Blind, Randomized, Placebo-Controlled Study
to Evaluate the Efficacy and Safety of MK-1654 in Healthy Participants Inoculated With

https://encyclopedia.pub/entry/9099

23/25



Respiratory Syncytial Virus Passive Immunoprophylaxis | Encyclopedia.pub

92.

93.

94.

95.

96.

97.

98.

99.

100.

Experimental Respiratory Syncytial Virus; Clinical Trial Registration NCT04086472. Available
online: (accessed on 10 February 2021).

Merck Sharp & Dohme Corp. A Double-Blind, Randomized, Placebo-Controlled, Single Ascending
Dose Study to Evaluate the Safety, Tolerability, and Pharmacokinetics of MK-1654 in Pre-Term
and Full-Term Infants; Clinical Trial Registration NCT03524118. Available online: (accessed on 10
February 2021).

Abarca, K.; Jung, E.; Fernandez, P.; Zhao, L.; Harris, B.; Connor, E.M.; Losonsky, G.A.;
Motavizumab Study Group. Safety, Tolerability, Pharmacokinetics, and Immunogenicity of
Motavizumab, a Humanized, Enhanced-Potency Monoclonal Antibody for the Prevention of
Respiratory Syncytial Virus Infection in at-Risk Children. Pediatr. Infect. Dis. J. 2009, 28, 267—
272.

Fernandez, P.; Trenholme, A.; Abarca, K.; Griffin, M.P.; Hultquist, M.; Harris, B.; Losonsky, G.A;
the Motavizumab Study Group. A Phase 2, Randomized, Double-Blind Safety and
Pharmacokinetic Assessment of Respiratory Syncytial Virus (RSV) Prophylaxis with Motavizumab
and Palivizumab Administered in the Same Season. BMC Pediatr. 2010, 10, 38.

Feltes, T.F.; Sondheimer, H.M.; Tulloh, R.M.R.; Harris, B.S.; Jensen, K.M.; Losonsky, G.A.; Griffin,
M.P.; Motavizumab Cardiac Study Group. A Randomized Controlled Trial of Motavizumab versus
Palivizumab for the Prophylaxis of Serious Respiratory Syncytial Virus Disease in Children with
Hemodynamically Significant Congenital Heart Disease. Pediatr. Res. 2011, 70, 186-191.

Regeneron Pharmaceuticals. A Phase 3, Randomized, Double-Blind, Placebo-Controlled Study
Evaluating the Efficacy and Safety of a Human Monoclonal Antibody, REGN2222, for the
Prevention of Medically Attended RSV Infection in Preterm Infants; Clinical Trial Registration
NCT02325791. Available online: (accessed on 1 February 2021).

Inc, R.P. Regeneron to Discontinue Development of Suptavumab for Respiratory Syncytial Virus.
Available online: (accessed on 14 February 2021).

Tang, A.; Chen, Z.; Cox, K.S.; Su, H.-P.; Callahan, C.; Fridman, A.; Zhang, L.; Patel, S.B.; Cejas,
P.J.; Swoyer, R.; et al. A Potent Broadly Neutralizing Human RSV Antibody Targets Conserved
Site IV of the Fusion Glycoprotein. Nat. Commun. 2019, 10, 4153.

Aliprantis, A.O.; Wolford, D.; Caro, L.; Maas, B.M.; Ma, H.; Montgomery, D.L.; Sterling, L.M.; Hunt,
A.; Cox, K.S.; Vora, K.A.; et al. A Phase 1 Randomized, Double-Blind, Placebo-Controlled Trial to
Assess the Safety, Tolerability, and Pharmacokinetics of a Respiratory Syncytial Virus Neutralizing
Monoclonal Antibody MK-1654 in Healthy Adults. Clin. Pharmacol. Drug Dev. 2020.

Zhu, Q.; McLellan, J.S.; Kallewaard, N.L.; Ulbrandt, N.D.; Palaszynski, S.; Zhang, J.; Moldt, B.;
Khan, A.; Svabek, C.; McAuliffe, J.M.; et al. A Highly Potent Extended Half-Life Antibody as a
Potential RSV Vaccine Surrogate for All Infants. Sci. Transl. Med. 2017, 9.

https://encyclopedia.pub/entry/9099 24/25



Respiratory Syncytial Virus Passive Immunoprophylaxis | Encyclopedia.pub

101.

102.

103.

104.

105.

106.

107.

108.

109.

Griffin, M.P.; Khan, A.A.; Esser, M.T.; Jensen, K.; Takas, T.; Kankam, M.K.; Villafana, T.;
Dubovsky, F. Safety, Tolerability, and Pharmacokinetics of MEDI8897, the Respiratory Syncytial
Virus Prefusion F-Targeting Monoclonal Antibody with an Extended Half-Life, in Healthy Adults.
Antimicrob. Agents Chemother. 2017, 61, e01714-16.

Domachowske, J.B.; Khan, A.A.; Esser, M.T.; Jensen, K.; Takas, T.; Villafana, T.; Dubovsky, F.;
Griffin, M.P. Safety, Tolerability and Pharmacokinetics of MEDI8897, an Extended Half-Life Single-
Dose Respiratory Syncytial Virus Prefusion F-Targeting Monoclonal Antibody Administered as a
Single Dose to Healthy Preterm Infants. Pediatr. Infect. Dis. J. 2018, 37, 886—892.

Corti, D.; Bianchi, S.; Vanzetta, F.; Minola, A.; Perez, L.; Agatic, G.; Guarino, B.; Silacci, C.;
Marcandalli, J.; Marsland, B.J.; et al. Cross-Neutralization of Four Paramyxoviruses by a Human
Monoclonal Antibody. Nature 2013, 501, 439-443.

Schuster, J.E.; Cox, R.G.; Hastings, A.K.; Boyd, K.L.; Wadia, J.; Chen, Z.; Burton, D.R.;
Williamson, R.A.; Williams, J.V. A Broadly Neutralizing Human Monoclonal Antibody Exhibits in
Vivo Efficacy against Both Human Metapneumovirus and Respiratory Syncytial Virus. J. Infect.
Dis. 2015, 211, 216-225.

Wen, X.; Mousa, J.J.; Bates, J.T.; Lamb, R.A.; Crowe, J.E.; Jardetzky, T.S. Structural Basis for
Antibody Cross-Neutralization of Respiratory Syncytial Virus and Human Metapneumovirus. Nat.
Microbiol. 2017, 2, 16272.

Mousa, J.J.; Binshtein, E.; Human, S.; Fong, R.H.; Alvarado, G.; Doranz, B.J.; Moore, M.L.; Ohi,
M.D.; Crowe, J.E. Human Antibody Recognition of Antigenic Site IV on Pneumovirus Fusion
Proteins. PLoS Pathog. 2018, 14, e1006837.

Boyoglu-Barnum, S.; Todd, S.O.; Chirkova, T.; Barnum, T.R.; Gaston, K.A.; Haynes, L.M.; Tripp,
R.A.; Moore, M.L.; Anderson, L.J. An Anti-G Protein Monoclonal Antibody Treats RSV Disease
More Effectively than an Anti-F Monoclonal Antibody in BALB/c Mice. Virology 2015, 483, 117—
125.

Caidi, H.; Miao, C.; Thornburg, N.J.; Tripp, R.A.; Anderson, L.J.; Haynes, L.M. Anti-Respiratory
Syncytial Virus (RSV) G Monoclonal Antibodies Reduce Lung Inflammation and Viral Lung Titers
When Delivered Therapeutically in a BALB/c Mouse Model. Antivir. Res. 2018, 154, 149-157.

Tian, P.; Wang, Y.; Liu, H.; Yang, Y.; Wu, X.; Wei, H.; Chen, T. Preparation and Evaluation of the
Fully Humanized Monoclonal Antibody GD-MADb Against Respiratory Syncytial Virus. Front. Cell.
Infect. Microbiol. 2019, 9, 275.

Retrieved from https://encyclopedia.pub/entry/history/show/21750

https://encyclopedia.pub/entry/9099 25/25



