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Respiratory Syncytial Virus infection: an illness for all ages
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Synopsis
RSV is the single most important cause of severe respiratory infection in very young infants. It has
also been recently recognized as a significant cause of severe illness in elderly adults and those
with underlying cardiopulmonary disease and the immunocompromised. RSV is also suspected of
playing a major role in the development of asthma. Prophylaxis in high-risk infants using a
monoclonal antibody is the only effective specific therapy available at this time but recent
breakthroughs in vaccine design and antiviral drugs offer the promise of effective prophylactic and
therapeutic agents for RSV.
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Respiratory Syncytial Virus (RSV) was first identified in 1956 by Robert Chanock is
currently recognized as the most important cause of severe respiratory illness in infants and
young children, clinically manifest most often as bronchiolitis. (1) The virus has also more
recently been identified as a significant contributor to morbidity and mortality in older adults
and severely immunocompromised persons. (2)

Virus structure and genome

RSV is an enveloped negative sense, single-strand RNA virus classified in the family
Pneumoviridae along with human metapneumovirus, another cause of respiratory infections.
The RSV genome contains 10 distinct genes that encode 11 individual proteins, each with
distinct roles in viral infection and immune evasion (figure 1). (3) Surface glycoproteins
protruding from the envelope include the viral attachment protein (G) and the fusion protein
(F) that mediates entry of the viral genome into cells while transitioning from a thermolabile
prefusion F to a stable post-fusion F. G may play a role in modulation of the immune and
inflammatory response to infection through its CX3C chemokine homologue that binds the
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CX3C receptor (CX3CR) on immune cells and primary ciliated respiratory epithelial cell.
(4, 5) Two nonstructural RSV proteins (NS1 and NS2) inhibit cellular antiviral innate type |
interferons providing defense against the host immune response.

There are two major viral groups, designated A and B, each with numerous subgroups, best
identified by G gene sequence variation. (6) However, a causal relationship between
antigenic variation in G and reinfections has not been firmly established. Antibody to F and
the G proteins is considered a primary determinant of immunity.

Epidemiology

In the temperate climates annual epidemics occur during the winters. In the US epidemics
generally begin in the southeast in late summer and spread north and westward reaching a
peak in January and February in the northeast and Pacific Northwest. (7) RSV circulation
generally persists for 16-22 weeks in a community, and overlaps with the more sharply
defined 6-8 week influenza epidemics. In the tropics RSV circulation is more variable,
frequently being more common during the rainy season, and circulating throughout the year.
(8) Group A and B RSV viruses co-circulate, with group A viruses tending to be more
frequent.

Older children commonly introduce the virus into the family with spread to infants and
parents. (9) RSV is most effectively transmitted by large fomites (hasal secretions) while
aerosol is less important. The virus is stable for several hours on hard surfaces and hands,
allowing transmission by direct contact with contaminated objects. The introduction of strict
infection control policies in hospital settings (isolation and hand washing) and personal
protective equipment (gowns, gloves and possibly goggles) reduced nosocomial
transmission. (10)

Pediatric RSV infection

The importance of RSV on the health of infants and young children cannot be
underestimated, causing acute illness and, importantly, may be causally related to the
development of subsequent wheezing in childhood and asthma later in life. Fifty to 70% of
newborn infants become infected during their first winter, with virtually all by age two.
Reinfections with RSV continue throughout childhood although their severity diminishes. In
the US, approximately 1-2% of infants in their first year of life are hospitalized with RSV
infection, while another 20% will be seen in pediatric offices or emergency rooms for acute
respiratory symptoms. (11) Pediatric mortality from RSV in developed countries is low (~
50-100 annually in the US), however, in the developing world RSV is estimated to result in
66,000-199,000 deaths and >3 million hospitalizations in children under age 5 years. (12,
13)

The course of RSV illness and its manifestations follow a similar pattern in most infants
although disease severity is highly variable. Following an incubation period of 4-6 days,
nasal congestion with mucus discharge and fever are followed by cough, tachypnea and
respiratory distress with chest retractions and wheezing, the hallmark of bronchiolitis. In
young preterm infants, apnea will occasionally be an early manifestation of RSV. The
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clinical picture of RSV in young infants can change during observation, with hypoxia and
physical findings fluctuating even in a matter of several minutes. Radiographic reveal air
trapping and infiltrates related to obstructive atelectasis or vial pneumonia. This variability
in the clinical appearance of an infant with RSV can make decisions about further
observation or to hospitalize difficult.

Bacterial co-infection with Streptococcus pneumoniae or Hemophilus influenzae, either as
otitis media or pneumonia, can complicate RSV infection although the precise relationship
of the interaction, incidence and significance of bacteria in respiratory secretions is not
firmly established. A review of 2396 infants and children admitted with RSV bronchiolitis
noted bacterial infection uncommon (1.6%). (14) However, in a UK study 42% of lower
airway secretions had pathogenic bacteria in mechanically ventilated infants and 21.8% were
considered to have bacterial co-infection. (15) A recent study of the nasal microbiome of
RSV infected infants found that abundance of S. pneumoniae and H. influenzae, but not
Staphylococcus aureus, was associated with changes in the host immune response as
measured by gene expression of peripheral blood mononuclear cells. (16) Finally, studies
from the US and South Africa reported 18% and 32% reductions, respectively, in RSV-
confirmed hospitalization following introduction of conjugate pneumococcal vaccine. (17—
19)

Many risk factors associated with severe disease including gestational age < 29 weeks,
chronic lung disease and cyanotic heart disease most important.(1) The incidence of
hospitalization among preterm infants with chronic lung disease was 12.8% in one study.
(20) Nevertheless, ~70% of hospitalized infants are full term previously healthy infants.
Although lack of breast feeding, exposure to environmental tobacco smoke, crowding, day
care attendance and lower socio-economic status have been associated with risk of severe
disease, a recent population based surveillance study of 2539 hospitalizations among 32,000
infants found only young chronological age associated with increased hospitalization rates in
full term infants, with the peak rate in 0-5 month olds. (11, 21)

Laboratory diagnosis is often sought in hospitalized infants as several other respiratory
viruses, especially human metapneumovirus, can also manifest as classic bronchiolitis. A
specific diagnosis allows proper institution of appropriate infection prevention measures.
Nucleic acid detection tests using reverse transcriptase-polymerase chair reaction (RT-PCR)
are considered the gold standard while rapid antigen tests having a sensitivity of ~70%
compared to RT-PCR. (22) Viral titers are highest on admission, peak at day three of illness
with shedding typically lasting 11 days (23-25)

Treatment is primarily supportive, primarily oxygen for SaO2 <90, and despite numerous
large multicenter randomized trials, no specific therapy has been found to consistently lessen
severity or shorten the natural course of the illness. (1) Inhaled ribavirin is licensed for
treatment of RSV infection in infants based on early studies demonstrating modest benefit,
but is not recommended for most hospitalized infants.

Prophylaxis with palivizumab (SynagisR), a humanized murine monoclonal antibody
directed at a neutralizing epitope on the post-fusion F protein is licensed for specific groups
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of infants. (20) Current recommendations by the American Academy of Pediatrics advise
giving up to 5 monthly injections to premature infants <29 weeks gestation during their first
winter and for infants < 32 weeks gestation with chronic lung disease of prematurity who
required supplemental oxygen, and children with acyanotic congenital heart disease.
Treatment of established infection with monoclonal antibody has not been associated with
clinical benefit despite a reduction in viral load in severely ill intubated infants. (26)

Long-term sequelae of RSV infection is a topic of great interest and controversy specifically
with regards to the development of asthma. (27) Following RSV infection, many infants will
develop wheezing with other viral infections, a situation that tends to abate by age seven.
However, children with severe RSV bronchiolitis early in life have been shown to have a
higher risk of developing childhood asthma and a greater incidence of asthma in young
adulthood and greater deficits in peak airway flow if they are smokers. (28) It has been
postulated that severe RSV in infancy may also predisposed to the development of COPD
later in life. (29) However, it is still unclear if these sequelae are causally related to RSV
infection or are simply reflections of a genetic predisposition to airway obstruction during
any viral infection of antigenic stimulation. (1, 27)

Adult RSV infection

Although RSV in adults was described shortly after its identification in 1956 the impact and
burden of RSV in this population was not appreciated until recently. As noted above,
immunity to RSV is incomplete and thus reinfection is common despite relatively high
levels of serum neutralizing antibodies in adults. Nevertheless, reinfection with RSV and
disease severity has been associated with lower levels of serum neutralizing antibody and
nasal 1gA (30). RSV infects adults at any age although severe illness occurs primarily in
elderly persons, especially those with underlying cardiopulmonary disease or those who are
frail. It is postulated that waning cell-mediated immunity plays a role in susceptibility in this
age group. (31) Importantly, immunocompromised adults, especially haematopoetic stem
cell transplant (HSCT) recipients, those undergoing intensive chemotherapy, and lung
transplant patients are at serious risk of severe RSV infection. (32)

The burden of RSV in adults has been determined in a combination of population based
prospective surveillance studies, analysis of acute illness presenting for medical care, and by
modeling of large medical databases. In prospective surveillance studies in healthy elderly
adults and high-risk adults with underlying cardiopulmonary disease the annual winter-time
RSV attack rate ranged from 3-7% and 2-10%, respectively. (2, 33) In a 3-year study of
acute respiratory illnesses seen by general practitioners in the UK, 19% of 45-64 year olds
and 15% of those = 65 years old were diagnosed with RSV. (34) In a recent retrospective
analysis of respiratory samples from 2225 subjects with medically attended acute respiratory
illness (MAARI) in Marshfield, Wisconsin RSV was identified in 8.2% of those 50-64 years
old, 10.2% of those 65-79 and 10.5% of those = 80 years old. (35)

The incidence of RSV among hospitalized adults during the winter season ranges from 6 to
10% in various studies. (2, 35-37) Statistical modeling studies from several countries using
large clinical databases coupled with laboratory viral diagnostic data calculated the
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morbidity and mortality of RSV in adults to be 12-80% (average 43%) of the concurrently
measured impact of influenza (table 1). (12, 38-44)

Clinical findings in adults are variable, being dependent on age, but more significantly on
the presence of underlying medical conditions. Infection often begins with typical upper
respiratory symptoms but fever is often absent or low grade, and significantly less than in
influenza. (2, 35) lliness progresses more slowly than influenza, and patients present for
medical care between 4-7 days after symptom onset. As in infants, wheezing is often noted.
(45) Constitutional symptoms are less frequent than with influenza, with fever occurring in
only 28%. In a study of adults over age 50 with RSV associated MAARI, 61% had fever and
67% wheezed.(35) In three large studies of hospitalized adults with RSV, ~80% had a high-
risk medical condition with underlying COPD present in 58-68%.(2, 36, 37) In these studies
mortality rates were 6.5-10%. In a prospective surveillance study of a high-risk cohort, of
whom 65% had COPD, RSV infection resulted in office visits in 60% and 20% were
hospitalized. (2) Radiographic abnormalities are common in adults hospitalized with RSV,
with consolidation or ground glass infiltrates in 31-49%. (2, 37)

Immunocompromised individuals have the highest morbidity and mortality from RSV. (32,
46) Upper respiratory symptoms give way to lower respiratory involvement in 30-40% of
infected persons around day 7 of illness. High-dose total body irradiation and total
lymphocyte count <100/mm, but not serum neutralizing antibody levels or corticosteroid
use, were associated with progression from upper to lower tract disease. (47)

Since the attack rate in adults during the RSV season is relatively low and the clinical
syndrome non-specific, laboratory confirmation of RSV is critical to accurate diagnosis. RT-
PCR is most sensitive (~80%) while virus culture (33%) and rapid enzyme linked antigen
detection tests (10%) have poor sensitivity even in HCST patients. (2, 48, 49) Sputum RT-
PCR testing can also increase yield by 22%.(50) The mean duration of RSV shedding in
adults is ~10 days with mean nasal secretion titers of 2.0-2.8 logg per ml with higher titers
and longer shedding noted in older patients and in those with more severe illness. (51-53)

Management of adults with RSV infection is supportive. The use of antibiotics is common
among both outpatients and inpatients with RSV, even when the chest radiograph is clear.(2,
37) The precise incidence of bacterial co-infection during RSV associated hospitalization
has not been extensively studied but is reported to be 12-15%.(2, 37) In a comprehensive
analysis of hospitalized adults with viral infections, 31% of RSV infected persons had
evidence of invasive bacterial infection based on either standard tests or a high serum
procalcitonin. (54) Use of ribavirin (aerosolized, oral or intravenously) is not recommended
in adults with the exception of severely immunocompromised persons in whom early
ribavirin treatment, often coupled with immune globulin, was the most significant factor in
reducing mortality.(46)

Future vaccine and antiviral prospects for RSV

Currently there are no licensed vaccines for prevention in any age group. As of September
2016 there are over 40 vaccines in preclinical development and more than 15 in various
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clinical phases of study. Vaccine approaches include live attenuated vaccines, vectored
vaccines expressing protective RSV antigens, inactivated subunit vaccines (primarily pre-
fusion or post-fusion forms of F) with and without novel adjuvants, DNA based vaccines and
newer monoclonal antibodies with a prolonged half-life (see www.path.org). Live attenuated
vaccines developed using reverse genetics are currently in clinical trials in young infants.
(55) Subunit vaccines are being developed for use in adults, including maternal
immunization during late pregnancy to protect infants from RSV infection early in life by
increasing placental transport of neutralizing antibody to the newborn. These studies are
currently in phase 2 studies. A new development in the evolution of subunit and vectored
vaccines is the recognition that the prefusion form of F protein carries potent neutralizing
epitopes not found in the post-fusion F that has been studied in several prior vaccine trials.

3)

Several new small molecule antivirals have also entered early phase 1 and 2 clinical trials in
pediatric and adult age groups, including immunocompromised persons. They include a
fusion inhibitor with a half-life that allows a single dose and a nucleoside analogue that
inhibits the RSV polymerase. (56, 57) Both of these drugs can be administered orally, and
have been demonstrated to have good safety profiles and antiviral and clinical efficacy in a
human challenge model of RSV infection. Finally, as noted above there are two new long
half-life monoclonal antibodies currently being evaluated for prophylaxis in high-risk
infants.(58)
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Key Points

. RSV is an important respiratory pathogen at both ends of the age spectrum
with ~ 100,000 hospitalizations in infants and ~ 177,000 in adults. However,
general awareness of RSV in adults among internists and general practitioners
is lacking.

. The interaction of RSV with pathogenic bacteria, specifically S. pneumoniae
and H. influenzae, appear to influence disease severity and contribute to
morbidity especially in the developing world.

. Prophylaxis with Palivizumab provides effective prevention in specific high-
risk infants, but there are currently no effective specific therapies or vaccines
for the majority of susceptible infants and adults.
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Schematic depiction of the filamentous and spherical forms of Respiratory Syncytial Virus,
indicating the pre- and post-fusion forms of F and the G glycoprotein.
From Graham BS, Modjarrad K, McLellan JS. Novel antigens for RSV vaccines. Curr Opin
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Summary of epidemiologic modeling studies comparing mortality and hospitalization rates for RSV and
influenza in adults age 65 years and above.

Author (reference) location Dates (# years) | Outcome Measure Results
Thompson(39) uUs 1990-1999 (9) | Respiratory & Circulatory deaths per 100,000 RSV 26.5
Flu A+B 98.5
Mullooly(38) Portland, OR 1996-2000 (4) | Annual Pneumonia & Influenza *hospitalization per 10,000 IF:QI?J\{SSZ%Af
Zhou(12) us 1993-2008 (15) | Annual Hospitalizations per 100,000 RSV 86.1
Flu 309
van Asten(40) Netherlands 1999-2007 (8) | Total Deaths RSV 13902
FluA+B
21635
Matias(42) us 1997-2009 (12) | Annual Deaths from respiratory illness RSV 9673
Flu 16505
Fleming(41) UK 1995-2009 (14) | Annual hospitalizations (ratio of RSV:Flu) RSV 14039 (0.8)
Chan(43) Hong Kong 1998-2012 (15) | Annual hospitalizations per 10,000 RSV 5.2 (M)
6.1 (F)™"
FluA19.5
(M) 17.3 (F)
Goldstein(44) New York City | 2003-2011 (9) | Annual hospitalizations per 100,000 RSV 15.3
Flu 125.8

*
Influenza unvaccinated high-risk individuals

Ak
M, male; F, female
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Symptoms in Outpatients with Laboratory-Confirmed RSV vs. Influenza A over Four Seasons, 1999-2003 in

Rochester, NY

Symptom

Healthy, age =65 years

High-Risk*, age 221 yearsT

RSV n=48 | Influenza A (%) n=18 | RSV (%) n=54 | Influenza A (%) n=16
Nasal congestion 83% 83% 65% 79%
Cough 79% 83% 78% 87%
Sputum production 64% 61% 66% 80%
Dyspnea 9% 28% 58% 71%
Wheeze 23% 17% 50% 50%
Constitutional 53% 2% 59% 71%
Fever 18% 44% 31% 47%

*
High-risk defined as having physician-diagnosed congestive-heart failure or chronic pulmonary disease;

7‘10% age <54 years, 17% age 55-64 years, 73% age =65 years

Unpublished data from: Falsey AR, et al. N Engl J Med. 2005;352(17):1749-1759.
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