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a b s t r a c t

Respiratory syncytial virus (RSV) remains a significant cause of morbidity and mortality in infants and
young children, immunocompromised patients and the elderly. Despite the high disease burden, an effec-
tive and safe vaccine is lacking, although several candidates are currently in development. Current treat-
ment for RSV infection remains largely supportive and RSV-specific options for prophylaxis are limited to
palivizumab. In the past few years, novel therapeutic options including nanobodies, polyclonal and mon-
oclonal antibodies have emerged and there are several products in preclinical and Phase-I, -II or -III clin-
ical trials. The major target for antiviral drug development is the surface fusion (F) glycoprotein, which is
crucial for the infectivity and pathogenesis of the virus. Solving the structures of the two conformations of
the RSV F protein, the prefusion and postfusion forms, has revolutionized RSV research. It is now known
that prefusion F is highly superior in inducing neutralizing antibodies. In this section we will review the
stages of development and availability of different antibodies directed against RSV for the prevention and
also for treatment of acute RSV infections. Some of these newer anti-RSV agents have shown enhanced
potency, are being explored through alternative routes of administration, have improved pharmacoki-
netic profiles with an extended half-life, and may reduce design and manufacturing costs.
Management strategies will require targeting not only high-risk populations (including adults or
immunocompromised patients), but also previously healthy children who, in fact, represent the majority
of children hospitalized with RSV infection. Following treated patients longitudinally is essential for
determining the impact of these strategies on the acute disease as well as their possible long-term ben-
efits on lung morbidity.

� 2016 Elsevier Ltd. All rights reserved.

1. Introduction

Respiratory syncytial virus (RSV) is the main cause of bronchi-
olitis and pneumonia, in infants and toddlers, accounting for
�60% of all lower respiratory tract infections (LRTI) in preschool-
aged children worldwide. Globally, it is estimated that RSV causes
about 34 million episodes of acute LRTIs in children under five
years of age, resulting in �3.4 million hospitalizations per year
[1,2]. In the developing world, RSV is associated with significant
morbidity and represents the second most common cause of infant

mortality [3]. In addition, RSV also causes significant disease in
immunocompromised hosts and in the elderly [4,5].

By their first birthday nearly 70% of infants have been infected
with RSV at least once. Seropositivity is �100% by 2 years of age.
Despite the high disease burden, an effective vaccine or specific
therapy is lacking, although there are several products at different
stages of development [6]. Epidemiologic studies have identified
specific groups of infants at high-risk for severe disease and mor-
tality including premature birth, compromised cardiopulmonary
function (chronic lung disease or congenital heart disease), Down
syndrome, and immunodeficiencies. However, the majority of
infants requiring hospitalization for RSV LRTI do not have any risk
factors and are previously healthy [7,8]. Of those, up to 20% will be
treated in the pediatric intensive care unit (PICU) [9,10].

RSV has also been associated with the development of persis-
tent wheezing and asthma inception [11–13]. Thus, it is possible
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that interventions aimed at reducing the acute burden of RSV
disease may also have an impact on the development of long-
term pulmonary sequela [14].

2. Viral structure and targets for monoclonal antibodies

RSV is an enveloped, negative sense, single strand RNA virus
that belongs to the family Paramyxoviridae, subfamily Pneumoviri-

nae. Human RSV includes two antigenic subgroups, A and B, which
can co-circulate during the same season and exhibit genome-wide
sequence divergence. The RSV genome contains 15,222 nucleotides
that encode eleven proteins (Fig. 1). The RSV envelope contains
three viral transmembrane surface glycoproteins: the attachment
(G) protein, the fusion (F) protein, and the small hydrophobic
(SH) protein. Of these proteins, SH is not required for initiating
virus infection. On the other hand, the F and G proteins are crucial
for the infectivity and pathogenesis of the virus, and carry the
antigenic determinants that elicit the production of neutralizing
antibodies by the host [15]. The F protein performs a dramatic
structural rearrangement to cause membrane fusion, and is more
highly conserved among RSV strains than the G protein (Fig. 2).
For these reasons, the F protein represents the major target for
antiviral drug development, both small molecules and neutralizing
antibodies [6,16].

The G protein initiates infection by targeting the apical surface
of the ciliated cells of the airways and mediates adherence of the
virus to these host cells [17]. Heparan sulfate, surfactant protein
A, annexin II and CX3CR1 have all been shown to bind the G pro-
tein and proposed as cellular receptors for RSV [18–21]. Recently,
CX3CR1 was identified on the cilia of well differentiated human
ciliated airway cells, acting as a cellular receptor for the G protein
[22–24]. The F protein is essential for viral entry and initiates viral
penetration by fusing the viral and cellular membranes [16]. In
non-polarized laboratory cells, the F protein also promotes cell-
to-cell fusion producing the characteristic syncytia. However, in
polarized well differentiated human airway cells, the F protein
does not cause cell-cell fusion probably because the F protein is
limited to the apical domain [17,25]. RSV lacking its G gene is
infectious, though poorly, suggesting that the F protein may also
have attachment activity [26]. Heparan sulfate, ICAM-1, TLR-4
and nucleolin have been proposed as cellular receptors for the F
protein [26–30].
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Fig. 1. Anatomy of RSV. RSV is an enveloped, negative sense, single strand RNA
virus whose genome contains 10 genes (15,222 nucleotides) encoding eleven
proteins. Of the three transmembrane surface glycoproteins, the attachment (G)
and fusion (F) proteins, are crucial for the infectivity and pathogenesis of the virus,
and are the targets for neutralizing antibodies. Modified from Johnson S.M thesis
dissertation.
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Fig. 2. Refolding of the RSV F protein. The F glycoprotein is present in two forms, a metastable prefusion F (preF), the active form on the virion membrane, and the postfusion
F (postF) after triggering, refolding and bringing the virus and target cell membrane together to initiate fusion and infection. It is not clear what causes the F protein to trigger.
Modified from Costello H.M et al. [69].
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