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Abstract: Respiratory syncytial virus (RSV) has a major role in respiratory infections in young infants around the world. However, 
substantial progress has been made in recent years in the field of RSV. A wide variety of observational studies and clinical trials 
published in the past decade provide a thorough idea of the health and economic burden of RSV disease in the developing world. In 
this review, we discuss the impact of RSV burden of disease, major gaps in disease estimations, and challenges in generating new 
therapeutic options and an immune response against the virus, and briefly describe next generation technologies that are being 
evaluated. 
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Burden of RSV-Related Acute Lower Respiratory Tract Infection
Human respiratory syncytial virus (RSV) represents one of the most important threats to young infants’ health in the 
world.1 RSV is currently the most common cause of acute lower respiratory tract infection (LRTI), responsible for over 
33 million episodes in young children worldwide and constituting the leading disease diagnosed in hospital admissions, 
with 3.2 million episodes per year during 2019.2–4 In addition, RSV-LRTI is one of the most important causes of post- 
neonatal mortality,3,5 with more than 99% of RSV-related childhood deaths occurring in low- and middle-income 
countries (LMICs).2,3

The enormous impact of RSV disease among young children is evident when considering both the global health 
burden and the economic burden. It is estimated that RSV produces 1.2 million discounted disability-adjusted life-years 
(DALYs), and a global economic burden on children under 5 of approximately US$4.82 billion.6 An alarming 65% of 
this burden comes from LMICs, with almost 55% of global costs stemming from LRTIs that require hospitalization.7 

Besides, in 5–10% of the hospitalized infants, the disease can require an admission to the pediatric intensive care unit 
(PICU), which leads to a considerable increase in costs for the health services.8,9 Specific treatment of RSV infections is 
a considerable challenge. However, an effective intervention against RSV severe disease might reduce the hospital costs 
of illness as it may diminish hospital stay and PICU requirements by preventing progression to severe disease once 
infection has occurred. Therefore, multiple antivirals are being explored, but investment in development may be limited 
because of an underestimation of the burden of disease and limited access to a point-of-care detection method for RSV in 
children across all age groups.10

In this sense, there is an urgent need to implement preventive strategies. It is estimated that in a maternal vaccination 
and immunoprophylaxis scenario, more than 104,000 hospitalizations and 3000 deaths may be prevented yearly, while 
also potentially averting 98–137 discounted DALYs per 1000 person-years.6 Considering all these aspects, the World 
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Health Organization (WHO) has set as a priority the development of safe, effective, and affordable preventive strategies 
for RSV disease.11

Therefore, a detailed quantification of RSV-related deaths is key for decision making and prioritization of next 
generation therapeutic and preemptive strategies based on maternal immunization, immunoprophylaxis, and effective 
allocation of health resources.1,12 Likewise, an assessment of accurate rates of RSV disease can be beneficial to track the 
progress towards a reduction in RSV-related mortality after the implementation of preventive interventions.13

Despite the similar hospitalization rates for children in the age range 0–60 months in both LMICs and high-income 
countries (HICs), there is a divergence in these rates in the 0–6 month subgroup.3 In young infants, the admission rate was 
5.2 per thousand hospitalizations in LMICs and 8.2 per thousand in HICs in 2019.3 This variation in hospitalization rates in 
the first months of life, when RSV-LRTI is more hazardous, can also correspond to the discrepancy in the case fatality rates 
observed between countries in the same age range (1.1% in LMICs vs <0.05% in HICs).3,14 As a matter of fact, lower 
admission rates in young infants from poor settings can represent not only a lower level of access to healthcare but also 
a higher rate of home mortality due to this pathogen, as recently described in studies from LMICs.15–20 Indeed, for every in- 
hospital infant death due to RSV-LRTI, three deaths occurred at the community level in LMICs.3,9,14,16,19 This gap in the 
mortality burden due to RSV is shown to be substantially increased in some rural areas with extremely poor access to 
healthcare facilities, where reports showed that 13 children died outside the health facilities for every single death at 
hospital.3,12,19 Despite consistent progress in understanding the impact of RSV disease in the developing world, there are 
still major discrepancies in the estimated mortality burden.12

Major Gaps in Estimating RSV Disease Burden
Precise determination of the global mortality burden of RSV is challenging for several reasons.12,21 First, there is no 
affordable, sensitive, and specific diagnostic test available for countries with limited economic resources.12,21,22 Gold 
standard diagnostic tests are based on real-time polymerase chain reaction (RT-PCR), which requires qualified human 
resources and highly expensive equipment and supplies.22 Second, diagnostic accuracy based on vital statistics, verbal 
autopsies, or medical records is low, especially in poor settings, where mortality rates can be excessively high.23–26 

Lastly, methods based on complete autopsies, necropsies, or minimally invasive tissue sampling, which can be 
considered gold standards, are not commonly performed in LMICs owing to technical and economic inequity, in addition 
to cultural, political, and religious reasons.27–29

Estimates of the total burden of LRTIs, in general and specifically due to RSV, generated by different research groups 
present discrepancies that can be difficult to reconcile.13,30 In this sense, the paucity of diagnostic methods and registries 
based on active surveillance studies in constrained settings obstacles for accuracy.12 For these reasons, different groups 
have established a diversity of mathematical and statistical methods to determine the full picture of the total burden of 
RSV disease.3,13,30

Although different statistical models show disparities in global etiologic fractions of RSV deaths, variations in the 
data source and modeling also impact the estimation of the burden of other LRTI causes (Table 1). In 2010, the relative 
difference between Child Health Epidemiology Reference Group (CHERG) and Global Burden of Disease (GBD) in 
global mortality due to LRTI in children under 5 was 49%, with 1,396,000 and 847,000 total deaths calculated, 

Table 1 Estimates of the Global Burden Due to All Causes of LRTI and RSV- 
LRTI in Children Under Five in 2016

Modeling Group Relative Difference

LRTI deaths U5

GBD 2016 MCEE 2016

−256,52,572 8,40,783

RSV-LRTI deaths U5
GBD 2016 RSV GEN 2016

−3741,000 59,600

Abbreviations: LRTI, lower respiratory tract infection; GBD, Global Burden of Disease; MCEE, 
Maternal and Child Epidemiology Estimation; RSV GEN, Respiratory Virus Global Epidemiology 
Network; WHO, World Health Organization; U5, children under 5 years old.
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respectively.13,31,32 GBD estimations from 2010 showed that the total mortality burden due to RSV was calculated as 
234,000 deaths, while Nair et al showed 66,000 deaths in 2005 (71% less).8,31 Mortality estimates due to RSV in 2016 
were lower than in previous years (Table 1); however, the relative difference between GBD and Respiratory Virus Global 
Epidemiology Network (RSV GEN) groups was −37%.2,30 More recently, the RSV GEN consortium has published the 
global RSV disease burden estimates for 2019. For this calculation, the group expanded the information obtained 
previously, adding data from primary studies that determined the community mortality burden in 11 LMICs, which 
allowed them to improve the overall estimation.3

Next Steps to Improve RSV Burden Estimates
It remains crucial to establish clear epidemiological surveillance strategies for interventions in the future. In this sense, it is 
fundamental that decision makers from LMICs recognize the relevance of RSV as a cause of morbidity and mortality in young 
children. The planning of robust and cost-effective surveillance systems, leveraging existing resources and capacities, is key.33 

However, some caveats must be considered before establishing an active epidemiological surveillance program.
The criteria for RSV case definition for surveillance and viral detection can be problematic. In contrast to severe acute 

respiratory infection (SARI) or influenza-like illness (ILI), patients with RSV-ARI usually do not have the same signs 
and symptoms during the disease.34 For this reason, both SARI and ILI, which are usually used for influenza surveillance 
worldwide, can underestimate RSV incidence by 50–80%.35 Therefore, an extension of clinical signs for the screening of 
infants is necessary to increase RSV detection. The WHO recommends extending clinical diagnosis criteria to patients 
without fever, or with apnea or sepsis.33 Even though the WHO recommendation can be sensitive for RSV diagnosis,36 it 
may be incomplete. From this perspective, severe RSV-LRTI usually presents with hypoxemia, wheezing, or subcostal 
indrawing, which are not included in SARI or ILI case definitions (Table 2).36,37

The recent determination of RSV community mortality surveillance in LMICs was key to understanding the role of 
viruses in silent deaths that occur outside facilities.1 However, diagnostic approaches and results may vary depending on 
the method used to attribute deaths to RSV. In this sense, the advent of minimally invasive tissue sampling (MITS) and 
expert panel revision of cases may be considered a new diagnostic gold standard.1,4,12,17 Studies conducting MITS 
procedures for RSV surveillance can provide valuable information for improving statistical models. Attribution rates 
based on different scenarios of sampling methods or diagnostic tests can provide information to enable adjustments to be 
made based on more reliable methods.

Table 2 Case Definition for RSV Surveillance

Hospital-based Extended SARI

Severe (overnight, or >24 hours of admission) AND acute (onset within past 10 days) AND respiratory infection (cough 

or shortness of breath)

IMCI-severe or very severe pneumonia
Cough or difficulty breathing plus hypoxia, chest indrawing or wheezing

Cough or difficulty breathing with any one of: 

Stridor when calm 
Not able to breastfeed/drink 

Convulsions 

Lethargy 
Unconscious 

Vomit everything

In infants less than 6 months age, also include
Apnea (temporary cessation of breathing from any cause) 

Sepsis 

Fever more than 37.5°C or hypothermia (body temperature less than 35°C) AND shock (lethargy, fast breathing, cold 
skin, prolonged capillary refill, or fast weak pulse) AND seriously ill without apparent cause

(Continued)
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Challenges in Generating Natural or Artificial Immunity Against RSV
RSV infection and the subsequently elicited immune response present multiple exceptional characteristics. Although 
virtually all children by the age of 3 years old have been infected, RSV infection repeats continuously throughout life 
with low variations in antigenicity, apparently by inducing immunological amnesia,38 a phenomenon that has been 
described in detail for other pathogens, such as measles.39 Moreover, inappropriate or dysregulated responses can be 
pathogenic: enhanced RSV disease (ERD) is a prime example of a vaccine-associated enhanced disease; such diseases 
consist of modified clinical manifestations and outcomes in individuals exposed to a wild-type pathogen following prior 
vaccination for that same pathogen, and constitute a much-studied phenomenon.40,41 Thus, both natural infection and 
vaccination introduce several challenges in eliciting a safe and effective immunological response.

The Complex Network of Host–Pathogen Interactions Involving RSV
Multiple crosstalk points between RSV and the host’s immune system have been described. During the early stages of 
infection, the viral non-structural (NS) 1 and NS2 proteins are expressed. These two proteins cooperate to downregulate 
the production and signaling of both type I and type III interferon (IFN) levels, despite strong viral replication, 
dampening innate immune responses and ultimately affecting the strength of the adaptive response.42 RSV 
G glycoprotein, which is one of the predominant viral surface proteins (in addition to F glycoprotein), has been 
postulated to exert multiple functions.43 Existing both as a membrane protein in the viral particle and as a secreted 
form from infected cells, apart from viral attachment, G glycoprotein has been ascribed a plethora of immunomodulatory 
functions. G has been postulated: to act as a virokine by interaction with CX3C.R1, disrupting leukocyte chemotaxis;44 to 
exert a decoy function for neutralizing antibodies;45 and even to downregulate the activation of dendritic cells (DCs) by 
interaction with DC-SIGN and L-SIGN.46

In addition, RSV has been reported to infect and affect the function of multiple immune cells, such as DCs,47 natural 
killer (NK) cells,48 regulatory B lymphocytes (BRegs),49 CD4+ cells,50 CD8+ cells,51 and even macrophages, in 
a persistent fashion by altering patterns of gene expression.52 Moreover, RSV has been shown to induce the depletion 
of regulatory T cells (TRegs) and hinder the activation of T cells by inhibiting the immunological synapse assembly 
among these DCs and T cells.53 Altogether, such complexity in the host–pathogen interactions, encompassing both 
immunomodulatory effects and infection of immune cells with concomitant alteration of function, is likely to underlie the 
mechanistic bases for the immunological amnesia that results in the commonly observed multiple repeated infections 
during a person’s lifetime.

Table 2 (Continued). 

Community-based ARI
Acute (onset within past 10 days) AND respiratory infection (at least one of cough, sore throat, shortness of breath or 

runny nose)

Extended ILI
Acute (onset within past 10 days) AND respiratory infection (cough)

IMCI-pneumonia
Cough or difficulty breathing with fast breathing

Fast breathing

<2 months: ≥60 breaths/minute
2 to <12 months: ≥50 breaths/min

12 to 59 months: ≥40 breaths/min

Notes: Adapted from World Health Organization. WHO strategy for the global respiratory syncytial virus surveillance based on influenza surveillance. Geneva: World 
Health Organization; 2019. Available from: https://www.who.int/publications-detail-redirect/who-strategy-for-global-respiratory-syncytial-virus-surveillance-project-based- 
on-the-influenza-platform. World Health Organization; [2019]. Licence: CC BY-NC-SA 3.0 IGO.33 

Abbreviations: SARI, severe acute respiratory infection; IMCI-pneumonia, integrated management of childhood illness–pneumonia; ARI, acute respiratory infection; ILI, 
influenza-like illness.
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Challenges in RSV Vaccine Development
Additional challenges in generating effective preventive strategies stem from the history of failed attempts at producing 
a safe vaccine candidate. In 1966, a formalin-inactivated RSV (FIRSV) vaccine was tested in infants and young children 
in the United States. FIRSV primed for ERD, resulting in hospitalization rates of up to 80% and two deaths in immunized 
infants upon viral infection.54,55 These events hampered RSV vaccine development for decades, and clinical immuno
pathological and transcriptional footprints of ERD in humans have only recently been uncovered.56 ERD is characterized 
by an exuberant inflammatory response, severe alveolar injury, eosinophil infiltration and degranulation, and suppressed 
surfactant proteins and type I IFN. The molecular bases of ERD have been ascribed to the production of low-avidity, non- 
protective anamnestic antibodies during infection of wild-type RSV (wtRSV) post-immunization, triggering comple
ment-mediated injury.57,58 Moreover, a Th2 polarization of the immune response has been described in animal models59 

and recently confirmed in humans,56 with Th2 cytokines enhancing pulmonary pathology, mucus secretion, and airway 
resistance.40,41 The mechanistic description of ERD has not been fully uncovered, although a strong case has been built 
around the possibility of original antigenic sin (OAS) lying at the root of this phenomenon.60 The OAS theory considers 
that exposure to similar (but not identical) antigens conditions the response to subsequent exposure to the WT antigen, as 
in the case of immunization with an inactivated vaccine or a recombinantly produced immunogen followed by natural 
infection. Thus, past exposure may impact negatively on the memory response to challenge, and, in particular, on vaccine 
safety and efficacy. Consequently, it is imperative to carefully design and test novel antigens in the quest to generate 
a safe, effective vaccine.56

Preventive Strategies Under Development
At present, 34 candidates for RSV disease prevention are being tested, eight of them aimed at the pediatric population 
and another three for pregnant women.61 In the vaccine development field, four different approaches are being evaluated: 
live attenuated or chimeric vaccines, protein-based (inactivated, particle, or subunit) vaccines, recombinant vectors, and 
nucleic acid vaccines.61 For immunoprophylaxis, three monoclonal antibodies (mAbs) are in the preclinical stage, one is 
in phase 1 and two are in phase 3 clinical trials.61

Recent results from phase 2 and 3 clinical trials of candidate vaccines and long-lived mAbs set the hallmark for an 
upcoming new era in RSV prevention. The allocation of preventive strategies to specific subgroups of individuals is 
fundamental for future immunization strategies. In this sense, there are several challenges and concerns to be addressed.

Preemptive interventions should generate a robust immune response in the first 3–6 months of life. In this sense, 
maternal immunization seemed to be the best approach to confer protection in the first months of life. Nevertheless, the 
benefits of the vaccination against RSV for pregnant women can be controversial because it is not clear how this virus 
affects this specific population.62,63 In addition, the vaccination window during pregnancy may affect vaccine efficacy in 
preterm neonates and infants with prenatal growth restrictions.64

The immunization plan for older infants could emulate the influenza vaccination strategy. However, there are some 
challenges regarding the vaccination timeline, duration of immunity, and role of other respiratory viruses that can occupy 
the RSV viral niche.

Immunoprophylaxis based on long-lived mAbs may be a reasonable intervention in preterm babies or infants with 
severe comorbidities. Nonetheless, exhaustive cost-effectiveness analysis should be carried out to determine the capacity 
of LMICs to afford this type of prophylaxis. To date, the only preventive strategy approved for use in humans is 
Palivizumab®, a mAb, restricted only to premature infants born with less than 29 weeks of gestational age or less than 32 
weeks when associated with severe cardiac or respiratory comorbidities.65 The requirement of administering more than 
five doses to achieve an efficacy close to 55% (owing to its low half-life) is the main disadvantage of this intervention.66

In the next section, we will briefly describe the most advanced candidates in development for RSV disease 
prevention, by their target population.
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Pediatric Immunization
Live-attenuated vaccines (LAVs) are specifically designed to generate a potent immune response, eliciting local mucosal 
humoral and cellular adaptive immunity, by mimicking natural infection while diminishing its virulence for reduced 
pathogenesis.

● MV-012-968 (Meissa Vaccines): this investigational recombinant RSV LAV, inoculated as an intranasal spray, is 
being tested in parallel in both adults and children. First, a randomized, placebo-controlled, double-blind phase 2a 
human challenge study, run in healthy adults prescreened for low RSV immunogenicity, has already been completed 
and official results are expected to be revealed soon (NCT04690335). Second, a dose-escalation phase 1c trial 
testing the vaccine in 63 seronegative children between 6 and 36 months of age started in June 2021. The study 
aims to evaluate the safety and immunogenicity of administering three different concentrations of the candidate 
vaccine, inoculated in either one or two doses (NCT04909021).

● Sanofi’s VAD00001 intranasal LAV phase 2 trial for infants and toddlers (6–18 months) started in September 2020. 
This study aims to assess the safety profile of each dose of the study product and to characterize the RSV-A serum 
neutralizing antibody response. Its mechanism of action is based on NS2 or NS1 deletion, which bolsters the innate 
response (NCT04491877).

Subunit vaccines are protein-based candidates that primarily induce a CD4 T-cell response.41 New protein-based 
vaccines are in development that implement non-F viral antigens, circumventing previous ERD risks.

BARS13 (Advaccine Biotechnology) implements RSV G glycoprotein as the antigen and Cyclosporine A, an 
immunosuppressant, as an adjuvant that induces a regulatory T-cell response. Its intended target population comprises 
both children from 6 months to 5 years of age and the elderly.

Recombinant vectors: vector-based vaccines use an innovative replication-incompetent carrier vector to deliver RSV 
antigens and induce an immune response against them, ideally without generating any response against the carrier.

Janssen developed the Ad26.RSV.preF vaccine for both the elderly and pediatric population, based on the human 
Adenovirus strain 26 vector expressing the F protein stabilized in the pre-fusion conformation. Remarkable results were 
found in a phase 2 trial in adults, which demonstrated protection from RSV infection in a human challenge model: 
following intranasal viral challenge, the primary endpoint (rtPCR-determined RSV) was significantly lower in volunteers 
who received Ad26.RSV.preF compared to placebo.67 The vector-based active was also found to be safe and well 
tolerated in a phase 1/2b trial tested in seropositive infants aged 12–24 months, while also eliciting a substantial humoral 
and cellular immune response (NCT03303625, NCT03606512, and NCT04908683).

Maternal Immunization
Subunit vaccines based on F subunits are under development exclusively for pregnant women and older people who have 
already been previously exposed to RSV and are therefore not at risk of developing enhanced respiratory disease.5

● Pfizer’s RSVpreF vaccine’s phase 2b trial was conducted in healthy women who were pregnant from 24 to 36 weeks 
of gestation, with the concomitant evaluation of their newborn infants. RSVpreF vaccine elicited high neutralizing 
titers in maternal sera obtained at the time of delivery, with none of the adverse events reported in infants 
considered by the investigators to be related to maternal vaccination. In an interim analysis performed during the 
2020 RSV season, estimated vaccine efficacy in infants for any medically attended RSV-associated LRTI was 
84.7% (95% CI 21.6 to 97.6) and for medically attended severe RSV-associated LRTI, 91.5% (95% CI −5.6 to 
99.8).68 A phase 3 clinical efficacy trial involving infants born to women who received 120 μg of RSVpreF vaccine 
without aluminum hydroxide (owing to its local adverse events) during pregnancy is under way to evaluate its 
safety and efficacy against medically attended LRTI (MA-LRTI) and medically attended severe LRTI in infants 
through 180 days of life and during the first year of life (NCT04424316).

https://doi.org/10.2147/IDR.S373584                                                                                                                                                                                                                                   

DovePress                                                                                                                                                      

Infection and Drug Resistance 2023:16 600

Dvorkin et al                                                                                                                                                         Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


● GlaxoSmithKline: in phase 1 and 2b studies, the pre-F subunit vaccine RSVpreF3, for maternal immunization to 
protect infants, showed a 14-fold increase in RSV A and B neutralizing antibody titers 1 week after vaccination, and 
maintained a six-fold increase or more after 91 days in healthy women who were not pregnant.69 A phase 3 clinical 
trial designed to evaluate its effect on MA-LRTI due to RSV in infants up to 6 months of age was halted on 
February 18, 2022 (NCT04605159).

Immunoprophylaxis
One of the most important aspects to consider in the development of next generation mAbs is affordability, which can be 
achieved by investing in higher efficiency of production, increased duration of effect, and the development of biosimilars. 
It is vital for new mAbs in development to become more accessible in order to shift to a cost-effective strategy that can 
bridge between the areas where future vaccines may not be able to generate an efficient immune response, such as in 
extremely premature infants and immunocompromised children.

Next generation RSV antibodies have been engineered with Fc mutations to extend their half-life and enable 
protection for an entire RSV season.5 The leading candidate is Nirsevimab (Astra Zeneca, Sanofi), a mAb targeting 
the RSV fusion protein which, in a phase 3 RCT, was demonstrated to have efficacy of 74.5% (95% CI 49.6–87.1; 
P<0.001) in the reduction of MA-RSV-associated LRTI in healthy preterm infants (born at a gestational age of 29 to <35 
weeks) through 150 days after injection.70

Clesrovimab (MK-1654) is another mAb, binding to site IV of the F glycoprotein, under development, with an 
extended half-life. This mAb is in phase 2b/3 trials (NCT04767373) and phase 3 trials (NCT04938830) in infants and 
children at increased risk for severe RSV disease, with an estimated completion date of April 2026. Trial simulations 
predict that a single dose of Clesrovimab may provide ≥75% efficacy for the prevention of RSV LRTI, lasting for at least 
150 days.71

Treatment Strategies
Treatment for RSV infection is currently limited to supportive care and involves maintaining good hydration and oxygen 
therapy if necessary. Pharmacological agents such as bronchodilators or corticosteroids are often used to relieve RSV 
symptoms in infants, but their efficacy has not been proven during randomized controlled trials.72

Ribavirin, a nucleoside analog able to suppress RSV replication, is, to date, the only antiviral approved for RSV 
infection. However, the use of this drug is controversial as severe adverse effects have been reported.73,74 A recent meta- 
analysis showed no differences in mortality (risk ratio 0.63; 95% CI: 0.28–1.42) in all subjects treated with aerosol/oral 
ribavirin compared to supportive care.75 It only showed efficacy in subjects with hematological malignancy or stem cell 
transplants.75

Multiple antiviral agents are being explored to attenuate the severity of infection. The development of an effective 
therapeutic against RSV may have an impact not only in acute disease but also in the reduction of long-term wheezing, 
an outcome that should be evaluated when feasible. The most advanced antiviral agents under development target the 
F protein to inhibit the entry of the virus (Presatovir, JNJ-53718678, Ziresovir, and RV521 – Sisunatovir) or act by 
blocking RSV replication (EDP-938).76 Lumicitabine, an oral nucleoside analog pro-drug which inhibits RSV polymer
ase activity, has been suspended owing to toxicity concerns in infants.77

Presatovir (GS-5806) is an oral fusion inhibitor that blocks pre-fusion protein conformational change.78 In a trial in 
healthy human adults, patients challenged with RSV and treated with GS-5806 had reduced viral loads and lower 
symptom scores.79 The most recent phase 2 studies to evaluate this antiviral agent in high-risk patients, such as lung 
transplant patients80 and hematopoietic cell transplant recipients,81 did not show reductions in viral loads or improvement 
in clinical outcomes.

JNJ-53718678 (JNJ-8678) is an RSV-specific fusion inhibitor. In a placebo-controlled study, healthy adults chal
lenged with RSV treated with this antiviral showed reduced viral loads and clinical disease severity.82 In a phase 1b trial 
in children aged 1–24 months, treatment with JNJ-8678 administered for 7 days was well tolerated and there was 
a greater reduction in viral load with JNJ-8678 than with placebo.83 Larger studies are needed to assess the effects on 
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clinical outcomes. Safety and efficacy are currently being studied in a phase 2 trial (NCT03656510) in children aged ≥28 
days to ≤3 years with RSV infection.

Ziresovor (AK0529), another oral F-protein inhibitor, in a phase 2 study, VICTOR (NCT02654171), demonstrated no 
severe adverse effects and early suggestions of clinical efficacy against RSV. In a phase 3 trial developed in infants aged 
1–24 months hospitalized with RSV infection in China (AirFLO, NCT04231968), Ziresovir demonstrated a rapid onset 
of clinical effects after 2 days of treatment, with more pronounced benefits in infants aged <6 months, and a significant 
antiviral effect (77% viral load reduction compared with placebo).

Sisunatovir (RV521) is an orally available, small molecule inhibitor of RSV F protein. In a randomized, double-blind, 
placebo-controlled trial (NCT03258502), healthy adults were challenged with RSV. Positive results regarding viral loads 
and clinical outcomes were obtained, and there was no evidence of viral resistance.84 This drug is currently in phase 2 
clinical development in infants (REVIRAL 1, NCT04225897).

EDP-938 is a nonfusion replication inhibitor of RSV that acts by modulating the viral nucleoprotein (N protein). In 
a phase 2a, randomized, double-blind, placebo-controlled, human virus challenge trial (NCT03691623), all EDP-938 
regimens were shown to be superior to placebo with regard to the lowering of viral load, total symptom scores, and 
mucus weight.85 Intervention with EDP-938 after only a short symptom window of up to 48 hours in adults with upper 
respiratory tract infection is currently being evaluated in an ongoing clinical study (NCT04196101). There is also an 
ongoing phase 2, randomized, double-blind, placebo-controlled, trial to evaluate EDP-938 regimens in infants (aged 28 
days to 36 months) infected with RSV (start date April 2022, NCT04816721).

Conclusions
RSV is the most important cause of hospitalizations and a leading cause of child mortality globally. It is responsible for 
significant resource utilization and costs for healthcare systems, patients, and their families. Although estimating the total 
burden of disease is challenging, several improvements have been achieved in the past few years. In the scope of new 
treatments in development and promising clinical vaccine trials, it is mandatory to conduct cost-effectiveness analyses to 
guide public health decision making. To achieve this aim, it is crucial to establish epidemiological surveillance strategies 
to capture not only inpatient cases and deaths, but also the community burden of disease and mortality. Moreover, RSV 
infection surveillance through high-sensitivity and high-specificity point-of-care tests may be needed to monitor the 
effectiveness of new antivirals and vaccines in the community, mostly in low-income settings.
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