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R

espiratory syncytial virus (RSV) infection is a major cause of respiratory tract infections in infants and young children and remains the
leading cause of hospitalization among those less than 1 year of age. On a global scale, it is estimated that 3.4 million infants develop
severe RSV disease and that as many as 253,000 children under 5 years of age die from the infection every year. Decades of effort
to develop a safe and effective active vaccine have been unsuccessful. Moreover, available treatment modalities are limited to supportive
interventions, such as hydration, delivery of supplemental oxygen, and when necessary, invasive mechanical ventilation. Pharmacologic
interventions aimed at preventing severe RSV infection using passive immunization have been more successful but, to date, are used
only for disease prevention in very high-risk infants. Palivizumab, a humanized RSV monoclonal antibody has been the mainstay for infant
RSV prevention among specific high-risk infants for more than two decades. While its efficacy is well established, its relatively short halflife requires that it be administered monthly during periods of exposure. New extended half-life monoclonal antibodies are now showing
favourable results in clinical trials. One of these new investigational extended half-life monoclonal antibodies, nirsevimab, has already
advanced to phase III clinical trials. The aim of this review is to summarize the characteristics of nirsevimab and describe the promising
results from the pivotal phase IIb efficacy trial.
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Respiratory syncytial virus (RSV) is a ubiquitous virus that causes annual epidemics of infection
in young children in all parts of the world. In temperate regions, epidemics are seasonal, and
predictable during the winter months. Approximately half of all infants develop their first RSV
infection prior to their first birthday. By 24 months of age, almost all children are infected by RSV.1–4
Re-infection is common throughout life, with the first infection typically being the most severe. The
virus causes an upper respiratory tract infection that progresses to lower airway disease in 25–
40% of infants and young children.1–4 Young infants who develop lower respiratory tract infections
(LRTIs) frequently require hospitalization, as it is not unusual for young infants with RSV bronchiolitis
or pneumonia to develop respiratory rates of 80 breaths per minute or higher, hypoxaemia and/
or dehydration secondary to an inability to feed.1–3 Rates of infant RSV hospitalization are highest
during the first 3 months of life. In the USA and Europe, 1–3% of the birth cohort is hospitalized
with RSV each year, while rates in other areas of the world, such as Brazil and Guatemala, reach as
high as 5–6%. Hospitalization rates for infants born prematurely are consistently higher.4 The global
burden of severe disease is substantial, estimated at 3.4 million infants annually. The aim of this
review is to summarize the characteristics of nirsevimab and describe the promising results from
the pivotal phase IIb efficacy trial.
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Although several clinical trials to test novel treatment modalities are underway,5–8 the current standard
of care for the treatment of RSV infection is limited to supportive care.9 While RSV bronchiolitis is a
wheezing illness, bronchodilators and glucocorticoids have not been shown to impact the disease
course in a clinically meaningful way. Ribavirin, an antiviral medication once used to treat infants
hospitalized with RSV infection, is no longer used for the same reason. In the absence of effective
therapeutics, any and all efforts at disease prevention become increasingly important.10,11
In the 1960s, the early and first efforts to develop an active RSV vaccine failed miserably when RSVnaïve infants, who received the formalin-inactivated investigational vaccine, experienced severe
enhanced RSV disease rather than being protected from infection.12,13 Two of the infants died. Now,
more than 50 years later, advances in virology, protein chemistry, immunology and vaccinology
have finally led to new and promising active vaccination strategies for study in human trials. While
a detailed discussion regarding the progress in investigational active RSV vaccine development is
beyond the scope of this review, excellent summaries have been published elsewhere.14–17
The development of an active vaccine for the prevention of infant RSV infection remains a global
priority, but the World Health Organization estimates that it will be at least 5–10 years until
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Table 1: Relative risk reduction in favour of nirsevimab for medically attended lower respiratory tract infection by gender,
age at enrolment and gestational age at birth35
Placebo

Nirsevimab

Population subgroup

Subjects, n

LRTIs, n (%)

Subjects, n

LRTIs, n (%)

Relative risk reduction, % (95% CI)

Female

224

24 (11)

468

9 (2)

82 (62–92)

Male

260

22 (9)

501

16 (3)

62 (29–80)

Age ≤3 months

257

22 (9)

516

7 (1)

84 (63–93)

Age >3–6 months

153

16 (11)

320

13 (4)

61 (21–81)

Age >6 months

74

8 (11)

133

5 (4)

65 (-2.5, 88)

Gestational age 29–32 weeks

165

18 (11)

326

9 (3)

75 (45–88)

Gestational age >32 weeks

299

25 (8)

606

15 (3)

70 (45–84)

CI = confidence interval; LTRI = lower respiratory tract infection.

one or more are approved for routine clinical use.10 In the meantime,
RSV disease prevention must be emphasized. Anticipatory guidance to
caregivers should include information about the modes and potential
sources of transmission, and the seasonal epidemiology of the virus,
with an emphasis on good hand hygiene and avoidance of day-care or
other prolonged periods of repeated exposure to other children where
possible.1,10,18,19 Such education is especially important for the caregivers
of the highest-risk infants, such as those born prematurely, those with
chronic lung disease and those born with haemodynamically significant
heart disease. Compared with term infants, those born prematurely are
at higher risk of developing respiratory tract infections, including RSV,
due to their highly immature immune systems, suboptimal transfer of
maternal transplacental antibodies prior to birth and their smaller, less
developed airways.4,10,20–23
Passive immunization has been shown to be highly effective in
preventing severe RSV infections in high-risk infants.10 Palivizumab, a
humanized monoclonal antibody, is currently the only US Food and Drug
Administration (FDA)-approved passive prophylaxis for severe RSV LRTI in
certain high-risk children. The product is approved for use among infants
born at ≤35 weeks’ gestational age, and children <24 months of age with
either haemodynamically significant congenital heart disease or chronic
lung disease of prematurity.10,24 The safety and efficacy of palivizumab
for prevention of RSV infection in these and other infant populations are
well established through randomized, placebo-controlled trials and postlicensure (phase IV) effectiveness studies.24–26
Despite its excellent safety profile and clearly defined efficacy in
preventing severe RSV infection in every cohort studied, the use of
palivizumab in clinical practice has been generally limited to those at
the very highest risk for severe disease.9,27,28 Such groups include only
the most extremely premature infants (<29 weeks gestational age)
entering their first RSV season and those infants with heart disease or
chronic lung disease.29,30 Between 8 and 12% of infants in these highestrisk groups require hospitalization for RSV infection.31 Use of passive
prophylaxis outside of these high-risk groups is limited due to a restrictive
RSV passive prophylaxis policy guidance from the American Academy
of Pediatrics, high cost, and the short half-life of palivizumab requiring
monthly dosing to maintain ongoing protective levels.1,11,24

Extended half-life monoclonal antibodies
for prevention of respiratory syncytial virus:
nirsevimab
Nirsevimab is a recombinant human monoclonal antibody that targets
the pre-fusion conformation of the RSV F-protein by binding to the
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highly conserved site 0 of the pre-fusion RSV protein. The parent
antibody was modified in two ways. The first series of modifications
were made across the Fab (fragment, antigen-binding) portion of the
antibody to optimize neutralizing activity across a broad range of group
A and B RSV isolates. The details of those changes are proprietary. The
second series of changes included a three amino acid substitution in
the antibody’s Fc (fragment, crystallizable) region, referred to as a YTE
modification. Specifically, the native methionine (M) at position 252
was changed to tyrosine (Y), the native serine (S) at position 254 was
changed to threonine (T), and the native threonine (T) at position 256
was changed to glutamic acid (E). Such an M252Y/S254T/T256E, or
YTE modification, of any immunoglobulin G (IgG)k1 results in a half-life
extension from 21–28 days to 87–117 days.32 During the development
of nirsevimab, the combined changes were anticipated to result in a
highly potent and broad-spectrum RSV-neutralizing activity with an
extended half-life. Pharmacodynamic modelling studies suggested
that administration of a single, fixed intramuscular dose to infants
could provide protection from RSV infection for at least 5 months, the
length of a typical RSV season.32,33
After a phase I human clinical trial (ClinicalTrials.gov Identifier:
NCT02114268) of nirsevimab in healthy adults demonstrated a
comparable safety profile with placebo, the extended half-life monoclonal
antibody was given fast-track designation by the FDA.32–34 Results from a
single-dose, randomized, placebo-controlled, phase IIb study
(ClinicalTrials.gov Identifier: NCT02878330) in preterm infants born at
29–35 weeks’ gestational age (nirsevimab n=969; placebo n=484)
demonstrated that the incidence of medically attended RSV LRTI
was 70.1% lower with nirsevimab prophylaxis than with placebo, and
the incidence of LRTI RSV hospitalization was 78.4% with nirsevimab
prophylaxis than placebo.35 Subgroup analyses performed to evaluate
relative risk reduction for medically attended LRTI according to the
subject’s gender, age at enrolment and gestational age at birth were each
in favour of nirsevimab (Table 1). The highest percentage risk reductions
were observed among those born between 29 and 32 weeks’ gestational
age, and those who were enrolled during their first 3 months of life. Types
and rates of adverse events and non-RSV LRTIs were similar between those
receiving nirsevimab and those receiving placebo.35,36 Table 2 provides a
comparison of the frequency of specific adverse events reported in both
placebo and nirsevimab recipients. Currently, nirsevimab is being further
evaluated in a randomized, blinded, palivizumab-controlled phase II/
III trial among preterm infants and infants with chronic lung disease of
prematurity or congenital heart disease (ClinicalTrials.gov Identifier:
NCT03959488), and in a phase III, randomized, placebo-controlled trial
that includes healthy late-preterm and term infants entering their first RSV
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Table 2: Adverse effects reported in recipients of placebo
compared with recipients of nirsevimab35
Adverse events

Placebo (n=479)

Nirsevimab (n=968)

n (%)

n (%)

Diarrhoea

50 (10.4)

Fever

Table 3: Comparison of select characteristics of palivizumab
and nirsevimab
Palivizumab

Nirsevimab

Biologic source

Mouse

Human

100 (10.3)

IgG subclass

Monoclonal IgG1

Monoclonal IgG1

64 (13.4)

111 (11.5)

Modifications

Humanized

YTE half-life extension

Bronchiolitis

55 (11.5)

96 (9.9)

Gastroenteritis

46 (9.6)

122 (12.6)

Serum half-life

19–27 days42

59.3 ± 9.6 days36

Lower respiratory tract infection

53 (11.1)

86 (8.9)

Antibody target

RSV F-protein

Pre-fusion RSV F-protein

Nasopharyngitis

94 (19.6)

164 (16.9)

Rhinitis

50 (10.4)

111 (11.5)

Upper respiratory tract infection

170 (35.5)

395 (40.8)

Skin and soft tissue disorders

110 (23.0)

237 (24.5)

Serious adverse events*

81 (16.9)

108 (11.2)

Adverse events of special interest†

3 (0.6)

5 (0.5)

Deaths‡

3 (0.6)

2 (0.2)

technology

antigenic site 0
FDA status

III studies
Target population for

High-risk premature infants All infants experiencing

receipt

experiencing their first RSV

their first RSV season.

season.

Children with chronic lung

Children with chronic lung

disease of prematurity

disease of prematurity

experiencing their first or

experiencing their first or

second RSV season.

second RSV season.

Children with ongoing

Children with ongoing

haemodynamically

haemodynamically

significant heart disease

significant heart disease

experiencing their first or

experiencing their first or

second RSV season

second RSV season
Route of

season (ClinicalTrials.gov Identifier: NCT03979313).
Table 3 provides a
summary comparing key characteristics of palivizumab with nirsevimab.

Breakthrough drug
designation; ongoing phase

*None of the serious adverse events were considered to be related to the study drug
by the site investigators.
†
All of the reported adverse events of special interest from both the placebo and
nirsevimab recipients (total n=8) were considered to be related to the study drug
by the site investigators. These events included hypersensitivity reactions, immune
complex disease and thrombocytopenia.
‡
Two deaths reported in the placebo group were caused by pneumonia, one was
caused by a pericardial effusion. One death reported in the nirsevimab group was
caused by congenital pulmonary vein stenosis. The second death, from an unknown
cause, occurred during the night in an infant who was well when put down to sleep.

10,37,38

Approved 1998

Intramuscular

Intramuscular

Dose

15 mg/kg

Fixed at 50, 100 or 200 mg

Frequency of

Monthly during RSV season Once per RSV season

administration
based on weight range

Another investigational, extended half-life, monoclonal anti-F RSV
antibody, MK-1654, is also being evaluated in a similarly designed
phase II clinical trial (ClinicalTrials.gov Identifier: NCT03524118).39–41 Like
nirsevimab, the YTE modifications of the Fc portion of MK-1654 extend its
half-life to approximately 70–85 days. Fab modifications of MK-1654 have
also been made, but are proprietary.

Conclusion
The published safety and efficacy data for nirsevimab for the prevention
of infant RSV infection when administered as a single fixed dose offer the
potential to change the landscape of infant RSV disease. To realize its full
potential to reduce the morbidity, mortality and misery caused by infant
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