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ABSTRACT

Respiratory syncytial virus (RSV) causes infections of the lower respiratory tract. A group
particularly vulnerable to severe infection are young children under 2 years of age and the
elderly. The infection can cause the entire spectrum of respiratory symptoms from upper
respiratory tract infections to severe courses requiring assisted breathing. Until recently, the
only form of protection against infection was passive immunization, i.e. administration of
immunoglobulins. Chief among these are palivizumab and nirsevimab. In May u June 2023,
the Food and Drug Administration (FDA) approved for use 2 vaccines against RSV are
Arexvy and Abrysvo. In this study, we focus on presenting and describing the clinical

evidence supporting the effectiveness of these immunization methods.

Keywords: Respiratory syncytial virus (RSV), Bronchitis, RSV prevention, Palivizumab,

Nirsevimab, RSV vaccine
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1. Introduction

Respiratory syncytial virus (RSV) is one of the etiologic agents of inflammation of the lower
respiratory tract. It is a particularly dangerous pathogen in the pediatric population under 2
years of age [1], 2], [3], but can infect and cause symptoms in people of all ages, being
dangerous for older adults as well [4], [5]. It belongs to the Paramyxoviridae family, is a
negatively polarized single-stranded RNA virus, has an envelope, and there are 2 RSV
subtypes A and B [6]. First isolated in 1956, it is characterized by its ability to induce cell
fusion, that is, to form syncytia- giant multinucleated cells. The virus uses two transmembrane
glycoproteins, namely attachment glycoproteins (G) and fusion glycoproteins (F), to penetrate
host cells. These glycoproteins play a key role in binding to the cell surface and facilitating
fusion with cell membranes. RSV is transmitted by the droplet route, the incubation of the
virus lasts 2-8 days, and the infectious period precedes the symptoms of the disease, so it
spreads rapidly in the population. Incidence is seasonal. The virus is very common, with most
children passing this infection by the age of two [7]. Passing the disease does not leave lasting

immunity, so infection can occur up to several times during life [8].
2. Material and methods

The purpose of this study is to review and systematize the available data on passive and active
immunization in the prevention of respiratory syncytial virus (RSV) disease. Based on sources
available on the Internet, we reviewed the literature covering RSV-related topics. The results
of searches in medical research databases PubMed, Google Scholar and Ebsco where the
keywords used in the title or in the body were: "RSV", "bronchitis", "palivizumab",
"nirsevimab", "RSV vaccine", "RSV prevention". We focused on full-text articles that covered

issues related to RSV, the disease it causes and methods of prevention.

Keywords: ,,Respiratory syncytial virus (RSV)”, ,Bronchitis”, ,, RSV prevention”,

,,Palivizumab”, ,, Nirsevimab”, ,,RSV vaccine”.
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3. Symptoms

RSV-induced disease covers a wide spectrum of respiratory symptoms. Clinical
manifestations can range from the common cold and rhinitis to severe pneumonia [6]. Among
the most common symptoms in children of all ages in highly developed countries are: Cough
(90%), runny nose (61%), fever (59%), shortness of breath (57%), need for oxygen
supplementation (27%), wheezing (27%), diarrhea (15%), need for Intensive Care Unit (ICU)

admission (10%), pneumonia (3%), and need for mechanical ventilation (2%) [9].

In healthy children after the first year of life, acute RSV infection usually progresses with
fairly mild symptoms such as cough, runny nose, fever and resolves within a few days after
symptomatic treatment. In about one in three children under 12 months, acute bronchiolitis
develops within 2-3 days. The cough changes its character becoming more intense, the work
of the respiratory system increases, symptoms of dyspnea appear. Characteristic
manifestations of the severe course are tachypnoe, nasal leakage, wheezing, hypoxemia and
cyanosis. It is difficult to predict the evolution of acute bronchiolitis. The clinical condition of
most children without chronic diseases with acute bronchitis from RSV infection improves
within 3-4 days without hospitalization. Of those that required hospitalization, most improve
with symptomatic treatment and can be discharged from the hospital within 2-3 days. One to
three percent of infants under six months of age, especially those under two months of age
and children with coexisting chronic diseases, may develop pulmonary complications. Thus,
they require prolonged hospitalization, even admission to the pediatric or neonatal ICU for
respiratory support and treatment of respiratory complications such as pneumonia,

pneumothorax, and atelectasis [10].
3.1. RSV and asthma and wheezing

RSV infection may be associated with the onset of asthma or wheezing in later life [11], [12].
Severe primary RSV bronchiolitis in the first year of life is often followed by allergic asthma
that persists into early adulthood. RSV patients with and without current asthma have reduced
airway function as measured by spirometry [13]. Among the likely mechanisms explaining the
chronic sequelae of RSV infection is the interaction between the subepithelial neuronal
network of the airway mucosa and the cellular effectors of the inflammatory and immune
response to the virus [14]. However, it is unclear whether this relationship is due to the direct

effects and actions of RSV on the airways or whether it is a trigger for such symptoms in
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predisposed children, and this topic requires further research [15]. Prevention of RSV

infection may have a significant impact on preventing the occurrence of these complications.
3.2. Hospitalizations due to RSV

The incidence of RSV-related hospitalizations is 1-8% in the first year of life, meaning that
one in 56 healthy term-born infants is hospitalized for RSV each year; in addition, children

born in the fall had a higher risk of hospitalization than those born in other months [2].
3.3. RSV seasonality

Recent reports show that the COVID-19 pandemic has affected the seasonality of RSV in
Australia. While no RSV cases were reported in the pediatric population during the 2020
winter season, these infections were reported in Australia and worldwide during the summer
season. In 2022, the number of RSV cases in the state of New South Wales was about four
times higher than in 2021. Similarly, large seasonal outbreaks of RSV were accompanied by

increased hospitalizations in the northern hemisphere during the same period [16].
4. RSV prevention

Three strategies are currently being investigated in the prevention of RSV infection are:
administering antibodies directly to the infant, acquiring antibodies through the placental

route from a mother who has been vaccinated, and vaccinating children [17].

4.1. Monoclonal antibodies (mAbs)

4.1.1. Palivizumab

Palivizumab is a humanized monoclonal antibody belonging to the immunoglobulin class
IgGlxk. Its action is directed against an epitope in the antigenic "A" site of the respiratory
syncytial virus fusion protein. It exhibits potent virus neutralizing and fusion inhibitory
activity. When administered to children at increased risk of infection, it reduces the incidence
of hospitalization for RSV infection, but does not affect the severity of RSV infection. In their
study, Schepp et al. showed clear efficacy in reducing the incidence of infection and thus
reducing the number of hospitalizations for RSV infection, palivizumab prophylaxis
significantly reduces the incidence of infection in premature infants (<32 weeks' gestation)
[18]. Garegnani et al. in their study suggest that for a group of children at high risk of RSV
infection due to comorbidities, palivizumab prophylaxis reduces hospitalizations for RSV
infection, results in a small reduction in hospitalizations for respiratory-related illnesses, and

may result in a significant reduction in RSV infections [19]. Research into an alternative form
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of administration of palivizumab is also noteworthy. Intranasal administration appears to be
an interesting alternative because it is less invasive and lower doses are used. However, daily

intranasal administration of the antibody did not prevent RSV infection [20].
4.1.2. Nirsevimab

Nirsevimab is a recombinant human IgG1k monoclonal antibody designed to target the pre-F
protein of RSV virus. Its mechanism of infecting the cell is to penetrate cell membranes by
changing the pre-fusion (pre-F) protein structure to a stable post-fusion (post-F) structure [21].
It is an approved drug for use in all infants [22 ]. Nirsevimab has a favorable safety profile,
and the incidence of side effects is low and is comparable to placebo. The HARMONIE Study
Group found the efficacy of nirsevimab in the context of hospitalization rates for RSV-related
lower respiratory tract infection was 89.6% in France, 74.2% in Germany and 83.4% in the
UK. [23]. The MELODY Study Group in its study showed that a single injection of
nirsevimab given before the RSV season protected healthy preterm and term-born infants
from RSV-related lower respiratory tract infection. At 150 days after injection, the efficacy in
preventing hospitalization for RSV-related lower respiratory tract infection was 76.8%, and
the efficacy in preventing very severe RSV-related lower respiratory tract infection was 78.6%.
[24]. The study by Wilkins et al. analyzed serum samples from 2,143 infants included in the
study to characterize baseline levels of RSV-specific immunoglobulin G antibodies and
neutralizing antibodies (NAbs), the duration of RSV NADb levels after nirsevimab
administration, the risk of RSV exposure during the first year of life, and the infant's adaptive
immune response to RSV after nirsevimab administration. The study concluded that
Nirsevimab provided sustained high levels of NAb throughout the infant's first RSV season
and prevented RSV disease while allowing the development of an immune response to RSV

[25].
4.2. RSV vaccination

In 2023, the world's first respiratory syncytial virus vaccines were approved in the US and
Europe are Arexvy for people 60 years of age and older and Abrysvo, which was also
approved for people 60 years of age and older and for pregnant women between 24 and 36
weeks of pregnancy. The road to this medical breakthrough has been long and challenging.
The first attempts to create a vaccine were made in the 1960s. It was a formalin-inactivated

vaccine, and its use was unsuccessful. The vaccine did not protect against infection, and
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actually led to a pathological response to RSV, causing pneumonia and even death in two

infants. [26], [27].

The ideal vaccine should protect against the disease and reduce RSV transmission. Various
types of vaccines have been studied over the years and include mRNA, subunit and particle-
based vaccines, live attenuated or chimeric vaccines, and vaccines based on recombinant
vectors [28]. For the best protection of newborns, the most effective method seems to be the
one combining passive and active immunization. This strategy could be implemented by
vaccinating the mother while she is still pregnant, so that the antibodies she produces will be
transported to the fetus and protect the newborn during the first months of life, followed by
active immunization of children directly with the vaccine. [29]. In this paper, we will focus on

describing two approved vaccines.
4.2.1. AREXVY

AREXVY consists of an RSVPreF3 antigen component, i.e., 120 pg of recombinant RSV
surface glycoprotein F from an RSV-A strain that is stabilized in the pre-fusion trimeric
conformation, and an ASOI1E adjuvant component (RSV F protein is the main surface virus
antigen, well-conserved across RSV-A and -B subtypes). AREXVY is administered
intramuscularly (IM) as a single (0.5 mL) dose [30]. Below we will describe the course and

conclusions of some of the vaccine's clinical trials.

The phase 1 clinical trial being conducted in the US and Belgium starting in 2019 enrolled 48
subjects aged 18-40 and 1005 subjects aged 60-80. Participants were randomized into equally
sized groups to receive 2 doses of unadjuvanted (YAs and OAs) or ASO1-adjuvanted (OAs)
vaccine or placebo 2 months apart. The study evaluated the safety and immunogenicity of
each variant. Side effects were mostly transient of mild to moderate degree. The RSVPreF3
vaccines boosted humoral responses: RSVPreF3-specific immunoglobulin G and RSV-A
neutralizing antibody. This effect persisted throughout the observation period. Based on safety
and immunogenicity profiles, the ASO1E-adjuvanted vaccine containing 120 ug of RSVPreF3
was selected for further clinical development [31]. A phase 2 clinical trial was then conducted,
which included 122 adults aged 60-80 years who had participated in the previous study. They
were given subsequent doses of the vaccine to further evaluate safety and immunogenicity.
The safety of the vaccine after a 6-month follow-up was found to be similar to that of the
phase 1 study, and no serious adverse events or potential immunological disorders were

observed. Neutralizing titers and cell-mediated immune responses persisted for 18 months
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after 2-dose vaccination. Dose 3 increased RSV-specific neutralizing titers against RSV-A and
RSV-B and median CD4+ T-cell frequencies. Based on these results, it was concluded that
vaccination 18 months after the second dose is well tolerated and immunogenic in older

patients [32].

Subsequently, several phase 3 clinical trials were conducted. The study groups included

people over 50 years old.

The randomized study by Schwarz et al. conducted in various countries around the world,
with a follow-up time of 3 years, qualified participants were at least 60 years old. The safety
and reactogenicity of the vaccine were evaluated as in previous studies. The most common
local side effect was injection site pain in 60.5% of participants, while systemic side effects
were muscle aches in 33.5% and fatigue in 31.4%. Most side effects were transient and lasted
about 2 days, and were mild to moderate in severity. One case of vaccine-associated Guillain-

Barre syndrome was identified [33].

Another clinical trial enrolled 24966 participants who were at least 60 years old, and primarily
tested its efficacy. They received a single dose of the study vaccine based on RSV prefusion F
protein with adjuvant ASOIE (RSVPreF3 OA) or placebo before the RSV season. Vaccine
efficacy against RT-PCR-confirmed RSV-related lower respiratory tract disease was 82.6%
(96.95% confidence interval [CI], 57.9 to 94.1), with 7 cases (1.0 per 1000 participant-years)
in the vaccine group and 40 cases (5.8 per 1000 participant-years) in the placebo group.
Vaccine efficacy was 94.1% (95% CI, 62.4 to 99.9) against severe RSV-related lower
respiratory tract disease (assessed on the basis of clinical signs or by the investigator) and
71.7% (95% CI, 56.2 to 82.3) against RSV-related acute respiratory infection. Vaccine
efficacy was similar against the RSV A and B subtypes (for RSV-related lower respiratory
tract disease: 84.6% and 80.9%, respectively; for RSV-related acute respiratory infection:
71.9% and 70.6%, respectively). A single dose of RSVPreF3 OA vaccine had an acceptable
safety profile and prevented RSV-related acute respiratory infections and lower respiratory
tract disease, as well as severe RSV-related lower respiratory tract disease in adults aged 60

years or older, regardless of RSV subtype and the presence of comorbidities. [34].
4.2.2. ABRYSVO

ABRYSVO is a vaccine designed for: Actively immunizing pregnant individuals during the
32nd to 36th week of gestation to prevent lower respiratory tract disease (LRTD) and severe

LRTD caused by respiratory syncytial virus in infants from birth through 6 months of age.
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Additionally, it is indicated for active immunization to prevent LRTD caused by RSV in
individuals aged 60 years and older [35]. The antigen component contains recombinant RSV
preF A and RSV preF B. The RSV preF A and RSV preF B recombinant proteins are
expressed in genetically engineered Chinese Hamster Ovary cell lines grown in suspension
culture using chemically-defined media, without antibiotics oranimal-derived components.
The recombinant proteins are purified through a series of column chromatographyand
filtration steps followed by formulation, filling into vials, and lyophilization. After
reconstitution, each dose of ABRYSVO is approximately 0.5 mL [35]. Below we will present

the course and conclusions of some of the clinical trials of this vaccine.

The randomized placebo-controlled clinical trial Falsey et al. launched in 2018 involved 2
groups of patients divided by age criteria: 18-49 years and 50-85 years. Its aim was to
evaluate the safety, tolerability and immunogenicity of RSV vaccines Participants received 60,
120, or 240 png of RSVpreF (with or without aluminum hydroxide) alone or concomitantly
with seasonal inactivated influenza vaccine (SIIV). Concomitant administration with SITV did
not affect safety among younger or older adults. All RSVpreF formulations with or without
concomitant SIIV elicited strong RSV-neutralizing serum responses in adults aged 50-85
years 1 month after vaccination. RSVpreF formulations administered alone or with SIIV were
well tolerated and highly immunogenic in older adults, confirming the potential of RSVpreF

to protect older adults from RSV disease. [36]

The phase 2b clinical trial evaluated the safety and immunogenicity of simultaneous injection
of stabilized RSV subunit vaccine (RSVpreF) and tetanus toxoid, reduced diphtheria toxoid
and acellular pertussis vaccine (Tdap) to healthy, non-pregnant women aged 18-49 years.
Based on the study, it was assessed that the study vaccines were safe and well tolerated also
when given together with the Tdap vaccine. The research demonstrated that the immune
responses to the tetanus and diphtheria components of Tdap, when given simultaneously with
RSVpreF, were not inferior to the immune responses generated by Tdap alone. Similarly, the
study showed that the neutralizing responses against RSV-A and RSV-B induced by RSVpreF,
when administered concurrently with Tdap, were not inferior to the responses elicited by
RSVpreF alone. Following vaccination, all vaccine groups exhibited a significant rise in
antibody responses against pertussis antigen. However, it's important to note that the
responses to the pertussis components of Tdap did not meet the pre-established noninferiority
criteria when Tdap was administered concomitantly with RSVpreF, as compared to the

administration of Tdap alone [37].
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The phase 2a study involved adults aged 18-50, divided into two equal groups for either
placebo or a single intramuscular injection of the RSVpreF. Around 28 days post-injection,
individuals received intranasal inoculation with the RSV A Memphis 37b challenge virus and
were monitored for a period of 12 days. Following the administration of the challenge virus,
the vaccine demonstrated an efficacy of 86.7% (95% CI, 53.8 to 96.5) in preventing
symptomatic RSV infection, confirmed by the presence of any detectable viral RNA on at
least 2 consecutive days. In addition, the study evaluated the safety of the vaccine, concluded

that RSVpreF was safe and no serious adverse reactions were observed. 38]

The vaccine was also tested for safety and immunogenicity on a group of pregnant women
between 24-36 weeks' gestation. The incidence of adverse events in women and infants was
similar in the vaccine and placebo groups, and the type and frequency of these events were

consistent with the incidence among pregnant women and infants. [39].

This was followed by a phase 3 clinical trial involving pregnant women 40]. Pregnant women
at 24-36 weeks' gestation were divided 1:1 to receive a single intramuscular injection of 120
pug of RSVpreF or placebo. The main effectiveness measures included severe lower
respiratory tract illness associated with RSV that required medical attention, as well as RSV-
related lower respiratory tract illness requiring medical attention in infants within 90, 120, 150,
and 180 days post-delivery. The RSVpreF vaccine, when administered during pregnancy,
demonstrated efficacy in preventing medically attended severe lower respiratory tract illness

associated with RSV in infants, and no safety issues were observed [41].

A phase 3 trial assessed the RSVpreF vaccine's efficacy and safety in adults aged 60 and
above, targeting RSV infections. Participants received a single 120 pg intramuscular injection
of RSVpreF vaccine or a placebo in a 1:1 ratio. Interim analysis included 34,284 participants.
Vaccine efficacy: 66.7% against RSV-associated lower respiratory tract illness with at least
two symptoms, 85.7% against RSV-associated lower respiratory tract illness with at least
three symptoms, 62.1% against RSV-associated acute respiratory illness. Local reactions were
more common with the vaccine (12%) than the placebo (7%), systemic events were similar
(27% vs. 26%). Comparable rates of adverse events (9.0% vaccine, 8.5% placebo) within one
month post-injection. Severe adverse events reported in 0.5% of vaccine recipients and 0.4%
of placebo recipients. There were no apparent safety concerns, and serious adverse events
occurred with a frequency of 2.3% in both groups. Based on the study, it was concluded that
the RSVpreF vaccine is effective in preventing RSV-related respiratory disease in adults aged

60 years and older [42].

48



5. Summary

RSV represents a significant public health challenge, especially in the context of infants and
the elderly. The introduction of preventive strategies and effective vaccines against RSV is
undoubtedly a breakthrough that reduces complications and costs associated with
hospitalization and treatment. Due to the recently noted change in RSV prevalence by both
season and age group, it is unclear how the virus will evolve in the future. palivizumab and
nirsevimab, as representatives of passive immunization, show the ability to significantly
reduce the risk of RSV infection, especially in at-risk groups such as premature infants and
children with chronic diseases. Based on the sources analyzed, available vaccination for the
elderly has been shown to be safe and effective in preventing infection. Vaccination of
pregnant women protects the most vulnerable population that RSV hits with particular
intensity, namely premature and newborn babies. However, whether this protection will be
effective in the context of older children, in the age group up to 24 months, where the virus is
particularly dangerous we do not know. The most interesting question we are left with after
this literature review is: Will it be possible to develop a safe and highly immunogenic vaccine
for use in the pediatric population? Research in this area is still developing, and dozens of

new vaccine candidates are being studied.
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