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Overview

Respiratory syncytial virus (RSV) is the most important
cause of viral lower respiratory tract illness in infants and
children worldwide. Each year, it is responsible for over
120,000 hospitalizations of infants in the United States
alone. The disease spectrum includes a wide array of
upper and lower respiratory tract symptoms that can have
a significant impact on morbidity and mortality. In addi-
tion, RSV infection can be associated with the develop-
ment of acute, short-term diseases such as otitis media
and chronic, long-term conditions such as reactive air-
way disease and asthma. The costs of caring for patients
who experience severe lower respiratory tract infection
and their sequelae are substantial and cut across all seg-
ments of the neonatal and pediatric health care sector.
Currently, pharmacological management of this disease
is limited to symptomatic therapy, antiviral therapy, and
monoclonal antibody preventive therapy in select patient
populations. This supplement will review the pathophys-
iology and disease burden of RSV infection in the neona-
tal and pediatric populations as well as highlight proper
health care practices that can prevent the development
of the disease in the neonatal ICU or its spread beyond
the hospital. Finally, the current pharmacological symp-
tomatic treatment and disease prevention options will be
reviewed.

Learning Objectives

After completion of this activity, participants should be
able to:

o Identify patients at risk for RSV infection.

e Recognize the signs and symptoms of RSV disease
presentation.

e Review integrated approaches and action plans for
reducing and preventing the spread of RSV in the
hospital and at home.

e Compare and contrast existing and emerging pharma-
cological agents that treat RSV infection.

e Gain an understanding of the risks and benefits of phar-
macological options for RSV infection prevention and
their impact on the overall health care system.

Release Date: December 2008
Expiration Date: December 2009

Method of Participation

Participants should read the learning objectives and re-
view the articles in their entirety. After reviewing the
activity, they should complete and submit the post-test.
Upon achieving a passing score of 70% or better on the
post-test, a statement of credit will be awarded.
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Target Audience

This program is intended for medical health professionals
involved in the research or care of patients with RSV
infection.
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Physicians

This activity has been reviewed and is acceptable for

up to 1 Prescribed credit hour by the American Academy
of Family Physicians (AAFP). AAFP Prescribed credit
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Award.

Nurses

Educational Review Systems is an approved provider of
continuing education in nursing by ASNA, an accredited
provider by the ANCC/Commission on Accreditation.
Provider # 05-115-08-081. This program is approved for
1 hour of continuing education credit. Educational
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education by the state of California and the District of
Columbia.

Pharmacists
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Respiratory Syncytial Virus:
Pathogenesis and Disease Burden

ABSTRACT: Although respiratory syncytial
virus (RSV) was first described more than
50 years ago, RSV remains a cause of
significant disease burden in infants and
young children—especially those who are
born prematurely or who have certain
underlying diagnoses. Lower respiratory
tract infections (LRTls) develop in a sig-
nificant percentage of patients who be-
come infected with RSV, often resulting in
hospitalization. Around 20% of premature
infants are hospitalized with RSV-associ-
ated illness; in North America, about 1%
of children hospitalized with RSV disease
die. In addition, infants who have RSV
LRTls may experience pulmonary sequel-
ae, including wheezing and asthma, that
can last until adolescence.

Respiratory syncytial virus (RSV) can
cause an array of respiratory dis-
eases, such as bronchiolitis and pneu-
monia, and it has been linked to
chronic wheezing and asthma. Each
year, infection with RSV causes up to
126,300 hospitalizations of infants in
the United States,! and the worldwide
mortality associated with RSV infec-
tion has been estimated as being as
high as 1 million per year.? Although
nearly all children are likely to be in-
fected with RSV at some point within
their first 2 years, certain groups of
infants are at significantly increased
risk for serious infection and associ-
ated complications.

In this article, I review the perti-
nent facts about the virus—its histo-
ry, structure, mode of transmission,
and seasonal nature—as well as the
clinical course of RSV infection, in-

cluding its pathology and pathophys-
iology, associated morbidity and mor-
tality, hospital course, and costs. I
then discuss in depth which patients
are at particular risk for RSV infec-
tion, the reasons for this heightened
risk, and the long-term impact of se-
rious RSV infection.

NATURE OF RSV

RSV was first isolated in 1956,
when it was described as a cause of
coryza in chimpanzees. RSV infec-
tion in children was first diagnosed a
year later in hospitalized patients
with lower respiratory tract infec-
tions (LRTIs).* The first documented
outbreak of RSV in a neonatal inten-
sive care unit (NICU) occurred in
1964.5

Structure of the virus. There
are several glycoproteins on the sur-
face of RSV. The 2 most significant of
these are the F (fusion) protein and
the G (attachment) protein.® The F
protein, which seems to be the more
stable of the two, mediates cell-to-cell
fusion of RSV and the formation of
syncytia.” The G protein is respon-
sible for attachment to respiratory
cells.? Although both the F and G gly-
coproteins are major targets of neu-
tralizing antibodies, the F protein elic-
its a particularly powerful antibody re-
sponse.’ Moreover, antibodies against
this particular glycoprotein protect
against the 2 broad serological sub-
types of RSV (A and B). For these rea-
sons, the F protein has been the tar-
get of efforts to develop antibodies for
the prevention of RSV infection.”1
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Respiratory
Syncytial Virus:

Pathogenesis and
Disease Burden

Transmission. RSV is shed in
nasopharyngeal secretions; infected
patients can shed significant
amounts of the virus for up to 21
days.! RSV can survive on non-
porous surfaces, such as counter-
tops or crib rails, for up to 7 hours;
on porous surfaces, such as clothing,
for up to 4 hours; and on skin for up
to 1 hour.® RSV enters the body
through the mucosal surfaces of the
mouth, nose, and conjunctivae. The
ability of the virus to enter via the
conjunctivae plays a significant role
in its transmission. This stems from
the fact that health care personnel
typically don gowns, gloves, and
masks when working in a nursery in
which patients with RSV infection
have been isolated; however, they
less commonly put on goggles.
Thus, if a physician or nurse acci-
dentally rubs his or her eye while
working with infected infants then
later has contact with an infant who
is not infected and rubs the eye
again, RSV may be transmitted.

In a study by Hall and col-
leagues,'”> 3 groups of volunteers
were put in rooms with patients in-
fected with RSV. Those in the first
group were instructed to simply sit
in the room and not touch anything;

those in the second group were in-
structed to touch various surfaces;
and those in the third group were
asked to hold the infected infants.
RSV infection subsequently devel-
oped in none of the volunteers in the
first group, in 40% of those in the sec-
ond group, and in 71% of those in the
third group (Figure 1). This study
demonstrated that RSV is not an air-
borne pathogen.

The transmissibility of RSV in
NICUs was historically a significant
health care burden: in the 1970s,
RSV infection developed in 45% of in-
fants who were hospitalized in the
NICU during RSV season for longer
than 1 week, and the risk of an RSV
infection was even higher among pa-
tients who had congenital heart dis-
ease; were premature; had chronic
lung disease, leukemia, or bone mar-
row transplants; or were elderly.!>!*
Understanding how RSV is transmit-
ted is the first step to controlling in-
fection; infection rates have been
significantly reduced through the
imposition of appropriate control
measures.

Seasonality. RSV infection is
seasonal in nature the world over. Al-
though the timing of the RSV season
varies with latitude and climate, it

801 71%
3 60+
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Figure 1 — This graph shows the relative likelihood of infection with respiratory syncytial

virus with 3 different types of exposure: sitting in the same room with an infected infant
but at a distance from him and without touching anything (“sitters”); sitting in the same
room with an infected infant and touching various surfaces (“touchers”); and actually

holding an infected infant (“cuddlers”).

(Data from Hall et al. J Infect Dis. 1980.2)
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typically occurs at the same time
every year. In the United States, the
season runs from winter into spring
and lasts from 2 to 5 months—usual-
ly from November through March
(although it can start in October and
last as late as April). In more north-
ern parts of the country, the RSV
season tends to be shorter than it is
further south.

In other countries with a tem-
perate climate, such as the Nether-
lands, Belgium, and the United
Kingdom, RSV season also tends to
run from November through March.
The season in the southern hemi-
sphere occurs at the opposite time
of year. In countries with a tropical
climate, such as Indonesia, RSV sea-
son typically coincides with the rainy
season.

The predictability of the RSV
season in the United States is
shown in the graph in Figure 2,
which is based on data collected by
the CDC on RSV epidemics.”® The
CDC monitors RSV infections
through weekly reports from select-
ed centers (public health laborato-
ries, hospitals, and clinics) on the
number of specimens that are test-
ed for RSV and the number of these
specimens that test positive. An RSV
epidemic is defined as occurring
when more than 50% of the report-
ing centers detect RSV once or
more in 2 consecutive weeks or
when more than 10% of the speci-
mens tested during the surveillance
week are positive for RSV.

The morbidity and mortality that
occur during an RSV epidemic are sig-
nificant and dramatic. During an epi-
demic, RSV is the principal cause of
hospitalizations for LRTIs. Although
infections with other viruses (eg, in-
fluenza A, influenza B, parainfluenza,
adenovirus) also tend to peak during
the winter, at the time of an RSV epi-
demic, the number of hospitalizations
for RSV-associated infections typically
exceeds those caused by all other

www.Consultantlive.com
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viruses (Figure 3).1 In addition, in-
fant mortality from LRTIs closely par-
allels RSV epidemic activity.!”

CLINICAL COURSE
OF RSV INFECTION

Epidemiology. By age 1 year,
50% of children will have had an RSV
infection, and by age 2 years, virtual-
ly all children will have been infected
with RSV. Because infection does not
confer long-lasting immunity, as with
diphtheria or pertussis, reinfection
with RSV is common. By age 2 years,
50% of children will have had 2 or
more RSV infections.

RSV causes 40% to 49% of cases
of bronchiolitis, up to 44% of cases of
outpatient pneumonia, and up to 63%
of cases of inpatient pneumonia.

Clinical manifestations. Uncom-
plicated RSV infection presents with
rhinorrhea, cough, and fever. Howev-
er, a significant number of these in-
fections progress to LRTIs. The clini-
cal presentation of an RSV-associated
LRTI includes chest wall retractions,
nasal flaring, tachypnea, sometimes
cyanosis, and wheezing and rhonchi

www.Consultantlive.com

Figure 2 — This graph shows the percentage of specimens that tested positive (using 2 different confirmation
methods) for respiratory syncytial virus (RSV) in the United States each week from July 1992 through November
1997; it demonstrates the predictability and consistency of the RSV season.'

on auscultation. Neonates, especially
those in the NICU, may present with
apnea.

Pathology and pathophysiology.
RSV infection causes epithelial necro-
sis of the bronchioles with sloughing
of necrotic debris, mononuclear infil-
trates in peribronchiolar tissue with
edema of the submucosa, and hyper-
secretion of mucus. These effects
produce bronchoconstriction leading
to airway obstruction. Turbulent air-
flow in narrow airways is the cause of
the wheezing heard in RSV bronchi-
olitis. Because the airways in prema-
ture and young infants are already
relatively narrow, the risk of respira-
tory symptoms from RSV infection is
increased in these populations.

RSV-associated  hospitaliza-
tions. As many as 126,300 infants in
the United States are hospitalized
each year for RSV-associated bron-
chiolitis or pneumonia,! and esti-
mates of annual mortality in US in-
fants and children attributed to RSV
range from 200! to more than 2700.18
In North America and Europe, RSV-

associated hospitalizations involve

primarily infants younger than 1
year'®?; in developing countries,
however, older children are often
hospitalized as well.

Among otherwise healthy chil-
dren, between 0.5% and 2% are hospi-
talized each year for RSV infection.??
However, hospitalization rates are
significantly increased in various
groups of high-risk children. In an
analysis of 9 studies of children
under age 2 years who had chronic
lung disease or bronchopulmonary
dysplasia (BPD), the weighted mean
hospitalization rate for RSV infection
was approximately 17%.202%30  An
analysis of studies of infants born at
less than 36 weeks’ gestation showed
a weighted mean hospitalization rate
of almost 9%.2427.2931-35

A study by Boyce and col-
leagues? has shown that, of the risk
factors for severe RSV infection, BPD
is associated with the highest rate of
RSV hospitalization, followed by con-
genital heart disease and prematuri-
ty. Among infants younger than 1
year, the number of RSV-associated
hospitalizations per 1000 children-
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years was 388.4 among those with
BPD, 92.2 among those with congen-
ital heart disease, and 65.9 among
those born between 29 and 32 weeks’
gestation. Moreover, by age 2 years,
the only children with any substantial
persistent risk of hospitalization for
RSV infection were those with BPD.

Hospital stays for RSV LRTIs are
frequently lengthy. Many factors are
involved in determining the duration
of such stays, including the presence
of an underlying diagnosis (eg, pre-
maturity, congenital heart disease,
chronic lung disease) and local prac-
tice in the area where the hospital is
located. In Canada, the length of an
RSV-associated hospital stay ranges
from 4.6 to 6.7 days for otherwise
healthy patients and from 8.6 to 11.8
days for patients with another diagno-
sis.? In Europe, RSV-associated stays
range in length from 4 to 9 days.*”

In addition, hospitalization for
many children who are admitted for
an RSV LRTI—especially those with
an underlying diagnosis—may in-
volve time in the ICU and/or the
need for ventilation. A study by
Arnold and colleagues® showed that
children hospitalized with an RSV
LRTI who also had underlying lung
disease (eg, cystic fibrosis, chronic
lung disease of prematurity, recur-
rent aspiration) spent between 4 and
11 days in the ICU and between 3.5
and 14 days on ventilation.

Morbidity and mortality. Be-
tween 20% and 40% of RSV infections
result in LRTI. The vast majority of
patients with an RSV LRTI seek
medical care, and between 0.5% and
2% of previously healthy patients with
an RSV LRTI are hospitalized.?? In
North America, approximately 1%
(between 0.1% and 2%) of children
hospitalized with RSV infection die;
the mortality rate among high-risk
children is even greater—3% to 4% of
those hospitalized.?*® Worldwide, be-
cause of poorer quality health care in
many areas, RSV-related mortality is

www.Consultantlive.com

far higher—between 600,000 and 1
million deaths per year of children
younger than 5 years.?

In the United States, the chil-
dren at greatest risk for death from
RSV infection are those who were in-
fants with very low birth weight (less
than 1500 g) or low birth weight
(1500 to 2499 g). Their risks of death
are, respectively, about 5 times and
2.5 times that of healthy weight in-
fants born at term.*

Cost of RSV infection. Data on
the costs associated with RSV infec-
tion are difficult to come by. The best
available data come from Canada and
are about 15 years old. However,
while the specific numbers may be
somewhat out-of-date, the apportion-
ment of costs they show is notewor-
thy. About 62% of total costs were re-
lated to hospital care; nearly 40% of
the annual cost of RSV infection was
attributable to outpatient care (includ-
ing physician services, loss of home-
maker wages, travel, and so on).%

WHICH PATIENTS ARE AT
GREATEST RISK—=AND WHY
The risk of severe RSV infection
is highest in the following 5 groups of
infants:
e Those with chronic lung disease.
e Those with cystic fibrosis.
e Those with cardiac disease.
e'Those with neuromuscular disorders.
e Those who are immune-deficient.
e Those who were born prematurely.
Of these groups, preterm infants
are at greatest risk. In the United
States, nearly 300,000 infants are born
at less than 36 weeks’ gestation each
year, and more than 76,000 at less
than 32 weeks’ gestation.*! Depending
on the study cited, premature infants
account for 12%?6 to 27%* of all RSV-
associated hospitalizations. Thus, ap-
proximately 20% of premature infants
are hospitalized for RSV infection.
Reasons underlying increased
risk. The reasons for the increased
risk vary among the different at-risk

populations. Infants with chronic lung
disease or cystic fibrosis have hyper-
responsive airways and reduced lung
capacity. Those with cardiac disease
often have pulmonary vascular
changes that lead to hyperrespon-
siveness, or increased pulmonary
blood flow that could result in pul-
monary hypertension, or pulmonary
edema. Infants with neuromuscular
disorders have decreased respiratory
muscle strength and endurance, and
those with immune deficiency have a
decreased host response and im-
paired ability to eliminate the virus.

In premature infants, the in-
creased risk can be attributed to un-
derdeveloped lungs, an immature
immune system, and incomplete
transfer of maternal antibody. Lung
volume, lung weight, and alveolar di-
ameters are all substantially reduced
in infants born at 30 weeks’ gestation
compared with those born at full
term.” When airways are smaller,
the risk that a small change—such
as that caused by RSV infection—will
result in significant respiratory prob-
lems is increased. (Of note, the
severity of RSV-associated respirato-
ry illness in hospitalized preterm in-
fants born between 32 and 35 weeks’
gestation has been shown to be sim-
ilar to that seen in those born at less
than 32 weeks’ gestation: length of
hospital stay, risk of needing supple-
mental oxygen and/or ventilation,
and risk of transfer to the ICU were
roughly the same in both groups.*)

Although women typically trans-
mit antibody to their babies through-
out pregnancy, the majority is trans-
mitted at the end of gestation. Thus, a
preterm infant will not receive the “full
dose” of maternal antibody. Figure 4
shows the reduced levels of postnatal
IgG seen in infants born at 25 to 28
weeks’ gestation and at 29 to 32
weeks’ gestation compared with the
levels in full-term infants.

Other factors associated with
increased risk. In addition to the in-
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Figure 4 — Postnatal levels of IgG are significantly lower in preterm infants than in

fullterm infants.

creased risk of severe RSV infection
seen in the 5 groups of infants listed
above, a number of other factors can
raise the risk still further. These in-
clude the following, which have been
documented in episodic observational
studies:

o Overcrowding.?%4

e Use of gas rather than electricity for
cooking.?

e Day care attendance.®

e School-aged siblings.*6

oTwo or more children sharing a
bedroom.?#

o Multiple births® (although this may
be more a result of prematurity).

e Passive smoke exposure®# (al-
though this is currently being debat-
ed by the American Academy of
Pediatrics).

e Birth in the 6 months before the
start of RSV season.?

LONG-TERM IMPACT
OF RSV INFECTION

RSV infection is a significant
cause of morbidity among infants
and young children. It also appears
to be associated with increased mor-

(Data from Ballow et al. Pediatr Res. 1986.59)

bidity years after the at-risk period
has passed. A 1999 study by Stein
and colleagues,?” published in The
Lancet, showed that the risk of re-
current wheezing developing later in
childhood was significantly greater
in children who had LRTIs caused
by RSV before age 3 than in children
who did not have an early LRTI. In
addition, it showed that the risk of
wheezing later in childhood was
greater in children who had an early
LRTI caused by RSV than in those
who had an LRTI caused by parain-
fluenza virus. The increased risk of
wheezing was seen at ages 6, 8, 11,
and 13 years.

Similar findings are seen in the
work of Sigurs and colleagues.*84?
These researchers compared rates of
wheezing and asthma in children
who had been hospitalized with RSV
infections in the first year of life with
rates in those who had not been hos-
pitalized. The children who had been
hospitalized with an RSV infection
were significantly more likely to have
wheezing or asthma than were those
who had not been hospitalized—and
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this was true at ages 3 and 7 years as
well as at age 1 year.

CONCLUSION

The disease burden of RSV in-
fection is indeed great. RSV is the
cause of significant morbidity and
mortality in infants and young chil-
dren—especially those born prema-
turely—and of ongoing morbidity in
older children who have had early se-
vere infections. However, there are a
number of effective strategies physi-
cians can use to help reduce this bur-
den: frequent hand washing; isolation
of infected patients from ill contacts;
avoidance of second-hand smoke,
day care, and crowds during RSV
season; the cohorting of hospitalized
patients with RSV infection; and pas-
sive immunoprophylaxis of high-risk
infants. The second article in this
supplement will discuss these and
other preventive strategies at greater
depth. [ |
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ABSTRACT: A number of methods may be
employed to prevent the spread of respi-
ratory syncytial virus (RSV), including
simple hand washing, screening of visitors
to neonatal ICUs, and appropriate isola-
tion and cohorting of infected infants.
These standards of care must also be
transferred to the home. Treatments such
as acetaminophen, bronchodilators, and
the antiviral agent, ribavirin, are avail-
able to treat symptoms of infection.
Pharmacological prophylaxis with
palivizomab and RSV intravenous im-
munoglobulin may be used in specific at-
risk patients. Research to prevent and
treat RSV infection is ongoing; preventive
agents in development, such as the
monoclonal antibody motavizumab and
the vaccine MEDI-534, hold promise for
reducing infection-related morbidity and
mortality.

Respiratory syncytial virus (RSV) in-
fection can cause significant illness
and even death, especially in preterm
infants. Therefore, it is important to
implement integrated approaches
and action plans for preventing the
spread of RSV in the hospital and at
home.

PREVENTING SPREAD
OF RSV IN HOSPITALIZED
INFANTS

Hand hygiene. Compliance with
standardized hand-washing tech-
niques is very important and should
always be a major focus of attention.
Hand washing with soap and water
inactivates RSV. Research has shown
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that strict hand-washing control meas-
ures can significantly reduce the rate
of nosocomial spread of RSV infection
from 4.2% to between 0.6% and 1.1%.!

Screening visitors. The practice
of screening potential visitors to
neonatal ICUs (NICUs) and ques-
tioning visitors about possible recent
exposure to communicable diseases
is becoming standard operating pro-
cedure in many hospitals. It remains
unclear whether this practice sub-
stantially reduces RSV infections
within the NICU.? Despite the lack of
controlled trials that measure the im-
pact of such screening, it is impera-
tive to ask NICU visitors about po-
tential recent exposure to infection.
Since it is very difficult to obtain this
information from families of young
children, some hospitals prohibit
young siblings from visiting NICUs
when RSV is most prevalent in the
surrounding community.

NICU design. Single-room (as
opposed to pod-designed) NICUs
may help minimize the spread of
nosocomial infections generally. Re-
search has shown that a single-room
design has reduced nosocomial in-
fections both in pediatric ICUs and in
hospitalized adults.> However, studies
of the NICU population are still need-
ed. Such studies should become eas-
ier to do as more units are construct-
ed in a single-room design. Single-
room design promotes the cohorting
of nursing staff as well as the segre-
gation of infected patients; it also re-
duces the number of potentially in-
fected visitors who come into contact
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with the NICU population—which in
theory can help prevent the nosoco-
mial spread of RSV.

Isolation of infected patients.
The rapid screening and isolation of
infected infants has consistently been
shown to reduce the spread of RSV
infection within the NICU.#

Cohorting of infected pa-
tients. The practice of assigning
screened infants either to a cohort of
RSV-infected infants or to one of RSV-
uninfected infants (called “cohorting”)
is very successful in reducing infant-
to-infant infections within the NICU.
A strict cohorting regimen has been
shown to reduce the number of noso-
comial RSV infections from 7.17
cases per 1000 patient-days to zero.

Cohorting of staff caring for
infected patients. Certain staff
should be assigned to RSV-infected
infants in the NICU. This practice has
not by itself been proved to reduce
the spread of RSV infection within
the NICU. However, cohorting em-
ployed as part of a larger infection re-
duction strategic plan, including prop-
er hand washing, gowning, and glov-
ing, has been shown to significantly

reduce the spread of nosocomial RSV
infection.®

Unfortunately, hand-washing
guidelines are not followed by health
care practitioners 100% of the time,
despite the overwhelming evidence
that this practice decreases the
spread of nosocomial viral infections
such as RSV.”® Because there are
varying degrees of adherence to hand
washing and other hygiene meas-
ures, the segregation of potentially
exposed nursing and support staff is
paramount in preventing the spread
of RSV infection within the hospital.

Screening of staff. It is impera-
tive that potentially infected nursing
staff not enter the NICU during the
time when they may be shedding
the virus. Adults can shed RSV for
up to 5 days, and infants can shed
RSV for as long as 21 days.

Appropriate protective equip-
ment. In addition to hand washing,
appropriate use of gloves, gowns,
and goggles by nursing staff has
also been proved to significantly re-
duce the nosocomial spread of RSV.
Proper gowning and gloving has
been demonstrated to reduce the

spread of RSV within NICUs by 50%,
from a rate of 6.4 cases per 1000
patient-days to 3.1 cases per 1000
patient-days.?

Other methods that can help
prevent the nosocomial spread of
RSV include the use of rapid diag-
nostic tests and the use of prophylax-
is in eligible infants. However, no sin-
gle preventive measure can by itself
eliminate the nosocomial spread of
RSV infection. Each individual tech-
nique must be employed as part of a
consistent, staff-wide prevention pro-
gram and adhered to routinely.

Research has shown that robust
preventive strategies, when executed
consistently, can reliably prevent the
nosocomial spread of RSV. In addi-
tion to benefiting patients, this can di-
rectly reduce hospital costs. The Fig-
ure demonstrates the reduction in
RSV infection that occurs when a
proper preventive strategy is imple-
mented as early as possible.!’

DECREASING SPREAD
OF RSV IN THE HOME

In addition to executing strate-
gies to prevent the spread of RSV in
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Figure — The pairs of bars on this graph show—for various strata of respiratory syncytial
virus (RSV) exposure—the decrease in RSV infections subsequent to implementation of
(From Macartney KK et al. Pediatrics. 2000.)
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the hospital, health care practition-
ers need to educate parents and
caregivers regarding the transmis-
sion of RSV and the tactics that can
be used at home to protect children
from infection.

Parent education. Parent edu-
cation plays a vital role in preventing
the spread of RSV. The high standard
of care that is maintained in the
NICU must—to the degree possi-
ble—be transferred to the home. Par-
ents and caregivers need to under-
stand that hand washing is the most
important measure they can imple-
ment at home to prevent the spread
of infection among family members.

Limiting exposure to sick per-
sons and at-risk infants. Although
RSV is not an airborne pathogen, it
can be acquired simply by being in
the same room with an infected per-
son, since it can be spread by contact
with contaminated surfaces. There-
fore, it is essential that infected peo-
ple be separated from noninfected
people whenever possible, particular-
ly at-risk children.!!

Smoke-free and clean environ-
ments. There is tremendous debate
about whether a smoke-free environ-
ment can help prevent the spread of
RSV infection. Although there is lim-
ited research in this area, it is impor-
tant to remember that a reactive air-
way can exacerbate an RSV illness. A
smoke-free environment certainly is
conducive to minimizing the irritants
that can exacerbate an RSV lower
respiratory tract infection (LRTI).

Ensuring continuity of care
from NICU to home. Additional ele-
ments that may promote a seamless
transition from the hospital to the
home include communication of the
prophylaxis plan—and the impor-
tance of following it—to the patient’s
primary care provider and the pa-
tient’s parents. Parents should be
provided with a discharge summary,
and health care workers should pro-
vide confirmation that the parents or

caregivers understand the impor-
tance of follow-up appointments. A
home health care nurse may be ben-
eficial in the coordination of the at-
home prevention plan.?

PHARMACOLOGICAL
TREATMENT OF SYMPTOMS
AND PREVENTION

OF INFECTION

Pharmacological management
of RSV infection falls into 2 major cat-
egories: alleviation of symptoms with
traditional supportive care medica-
tions, and prophylaxis with mono-
clonal antibodies in at-risk children.

Prophylaxis for which patients?
The American Academy of Pediatrics
Committee on Infectious Diseases
(The Red Book Committee) has is-
sued clear guidelines regarding the
patient populations that should be
targeted for pharmacological prophy-
laxis.’* Acknowledging that adminis-
tration of prophylaxis for every child
susceptible to RSV infection is im-
practical and not cost-effective, the
academy suggests that the following
patient groups be targeted:

e Infants and children younger than
24 months with chronic lung disease
(CLD) of prematurity who have re-
quired therapy (supplemental oxy-
gen, bronchodilator, or corticoste-
roid therapy) for CLD within the 6
months preceding the start of RSV
season: prophylaxis should be con-
sidered in such patients. Patients
with more severe CLD who continue
to require therapy may benefit from
prophylaxis during a second RSV
season.

e Infants born at 32 weeks’ gestation
or earlier: these infants may benefit
from RSV prophylaxis even if they do
not have CLD.

—In those born at less than 28
weeks’ gestation: prophylaxis during
the first RSV season that falls within
a year of birth.

—In those born at 29 to 32
weeks’ gestation: prophylaxis during

$12 CONSULTANT FOR PEDIATRICIANS [ DECEMBER 2008 (SUPPLEMENT)

RSV season if it occurs during the
first 6 months of life.

e Infants born between 32 and 35
weeks’ gestation: prophylaxis is usu-
ally reserved for those infants at
greatest risk for infection who re-
quire hospitalization. Risk factors typ-
ically include day-care attendance,
school-aged siblings, exposure to en-
vironmental air pollutants, congenital
abnormalities of the airways, and se-
vere neuromuscular disease.

e Children up to 24 months of age
with hemodynamically significant cy-
anotic and acyanotic congenital heart
disease: prophylaxis recommended.

—Those receiving medication to
control congestive heart failure.

—Those with moderate to severe
pulmonary hypertension.

—Those with cyanotic heart
disease.!

RSV symptom management.
Symptom management or supportive
care can include any or all of the
following:

e Supplemental oxygen.
e Acetaminophen.

e Bronchodilators.

o Antibiotics.

e Ribavirin.

Acetaminophen can be adminis-
tered for concomitant fever, and bron-
chodilators (although not recom-
mended) have been used to dilate the
airways and reduce airway inflamma-
tion, to help reduce wheezing. Antibi-
otics are often administered for bacte-
rial infections that may co-occur with
an RSV LRTI, especially when the in-
fant’s respiratory distress is severe
enough to require supportive ventila-
tion. Oxygen is also administered
when cyanosis or apnea is present in a
severely infected infant or child.

Ribavirin, an antiviral agent, can
be used to treat acute RSV-induced
bronchiolitis; this agent is most com-
monly used very early in the disease
course in patients with severe respi-
ratory distress who require a ventila-
tor. One study suggests that ribavirin
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reduces the risk of the development
of asthma and recurrent wheezing!;
however, in another study of 205 pa-
tients, no statistically significant dif-
ference was observed. Keep in mind
that the agents mentioned may ap-
pear to improve the status of an in-
fant with an RSV infection simply be-
cause resolution occurs with time.

Pharmacological prophylaxis.
RSV intravenous immunoglobulin
(RSV-IVIG) has been used widely to
prevent serious LRTIs caused by
RSV. It has a 6-fold higher concentra-
tion of RSV-neutralizing antibodies
than standard IVIG and was one of
the first agents that demonstrated
predictable utility in combating RSV
infection. Clinical trials showed that
use of RSV-IVIG decreased the rates
of hospitalization for serious LRTIs
caused by RSV in certain patient
groups. However, this therapy had to
be administered as a 3- to 4-hour in-
travenous infusion, which made the
administration impractical and often
involved considerable cost and re-
sources. Today, RSV-IVIG has largely
been replaced by the humanized
monoclonal antibody, palivizumab.!

Palivizumab is a monoclonal an-
tibody that is specific for RSV, and it
is the only agent that is commercial-
ly available for the prevention of
RSV infections. Another advantage
of palivizumab is that it is given as
an intramuscular injection, which
makes administration in the NICU
much more convenient. The admin-
istration of palivizumab in at-risk in-
fants and children has been shown
to decrease rates of RSV-associated
hospitalizations; in addition, the
agent has a favorable safety and tol-
erability profile.1®

Palivizumab is currently indicat-
ed for the prevention of serious LRTIs
caused by RSV in infants with bron-
chopulmonary dysplasia, infants with
a history of premature birth, and chil-
dren with hemodynamically signifi-
cant congenital heart disease. In par-
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ticular, palivizumab has demonstrated
greater usefulness than RSV-IVIG in
infants with hemodynamically signifi-
cant congenital heart disease because
the administration of RSV-IVIG was
contraindicated in this population, in
part on account of the substantial
amount of fluid administered.’
Palivizumab is given in a series of
monthly 15 mg/kg intramuscular in-
jections for the duration of the RSV
season. This protocol needs to be
communicated clearly to parents and
caregivers to ensure that atrisk in-
fants and children routinely visit their
physician for follow-up doses. The first
dose should be administered before
the start of the RSV season, which is
usually October, and dosing usually
continues into April, depending on the
length of the RSV epidemic in the
local community that year.” Common
adverse reactions observed with
palivizumab are upper respiratory
tract infection, rhinitis, otitis media,
fever, rash, diarrhea, cough, vomiting,
gastroenteritis, and wheezing. Ana-
phylaxis occurs in 1 in 100,000 pa-
tients, and rare acute hypersensitivity
reactions have been reported.
Motavizumab. The next-genera-
tion monoclonal antibody, which
promises to be an improvement over
palivizumab, is motavizumab, cur-
rently in phase 3 clinical develop-
ment. Motavizumab demonstrates
higher potency and greater affinity
for RSV than palivizumab and may re-
duce the burden of both upper and
lower respiratory tract infections
caused by RSV. Preliminary studies
of more than 6000 patients have sug-
gested that motavizumab may reduce
the RSV infection rate to a greater ex-
tent than palivizumab. The safety and
tolerability profile promises to be
equivalent to that of palivizumab.!®
MEDI-534. The development of
an effective RSV vaccine would have
a dramatic effect on the morbidity
and, potentially, mortality, that is
caused globally by this pathogen, and
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research in the area of RSV vaccine
development is ongoing. At present,
one compound, MEDI-534, is in the
early stages of clinical development.
Phase 1 trials are currently evaluat-
ing the usefulness of this compound
as a vaccine against RSV and para-
influenza virus 3, two of the most
prevalent causes of viral respiratory
disease in infants.!

Preclinical research in animals
has demonstrated that the adminis-
tration of this vaccine induces an anti-
RSV immune response greater than
that seen with RSV infection. Howev-
er, developing a vaccine for RSV en-
tails significant challenges. A vaccine
for RSV would need to induce immu-
nity to multiple strains of the virus,
and a series of boosters might be re-
quired to maintain immunity. Also,
because patients at highest risk for
RSV infection are younger than 3
months, the continuing presence of
maternal antibodies in these young
infants might interfere with the anti-
body stimulation necessary to pro-
duce immunity.®®

CONCLUSION

RSV is a serious health concern
for infants. Fortunately, simple pro-
phylactic measures can decrease the
spread of RSV infection. Health care
professionals can take a number of
steps to decrease RSV spread in the
hospital setting as well as teach par-
ents how to help prevent infection in
the home. Management of RSV ill-
ness consists of treating the symp-
toms in patients already infected and
preventing further infection. Patients
at greatest risk for infection may re-
ceive pharmacological prophylaxis on
a monthly basis throughout the RSV
season. Research to develop a vac-
cine for RSV is ongoing. [ |
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Respiratory Syncytial Virus:
From Pathogenesis to Prevention

Post-Test Instructions

1. Read the articles in the Consultant for Pediatricians supplement, “Respiratory Syncytial Virus (RSV):
From Pathogenesis to Prevention”

2. Go to http://www.nicuniversity.org and click on “CME/CE Lecture Series” in the left-hand menu.
Course listings will appear on your screen. From this screen you can click on the course title in the
list—Respiratory Syncytial Virus (RSV): From Pathogenesis to Prevention—to view the lecture
detail page (direct course link http://www.nicuniversity.org/lectureDetail.asp?courseid=NICU0006).

3. If you already have an account with NICUniversity.org, log in using your username and password.
If you are a first-time user, click on “Register” in the lefthand menu and complete the registration form.

4. From the Lecture Detail screen, click on the “View Post Test” link.

5. After receiving a passing grade (70% or better) on the post-test, follow the online instructions to
complete your evaluation and print your CE, CEU, and/or CME certificate. You will have two (2)
attempts to achieve a passing score.

To contact a NICUniversity.org Customer Service representative,
please e-mail support@nicuniversity.org.

ltem Code: NICUO006

1. Which of the following are at greatest risk for developing a respiratory syncytial virus
(RSV) infection?
a. Full-term infants
b. Preterm infants
c. Adolescents
d. All of the above

e. None of the above

2. Which of the following is/are the most common presenting symptom(s) of RSV infection?
a. Rhinorrhea
b. Cough
c. Fever
d. All of the above
e. None of the above

3. Which of the following methods is/are useful in preventing the spread of RSV in the home?
a. Routine RSV vaccinations
b. Prophylactic antibiotics
c. Separation of infected and noninfected family members
d. All of the above
e. None of the above

4. Which of the following can be used to manage the symptoms of RSV infection?
a. Ribavirin
b. Sedatives
c. Anticoagulants
d. All of the above
e. None of the above
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5. Which of the following statements about state-of-the-art pharmacological prophylaxis for
RSV infection in at-risk infants is/are true?

a. Appropriate prophylaxis can reduce the rate of hospitalizations.

b. Pharmacological prophylaxis must be administered throughout the RSV season.
c. In rare cases, acute hypersensitivity reactions can occur.

d. All of the above

e. None of the above

6. Which of the following is/are pathological feature(s) of RSV infection?
a. Bronchiole epithelial necrosis
b. Hyposecretion of mucus
C. Anemia
d. All of the above
e. None of the above

7. Airway obstruction during RSV infection may be caused by which of the following?
a. Brain stem depression
b. Increased mucus production
c. Increased blood pressure
d. All of the above
e. None of the above

8. Which of the following is/are potential long-term risk(s) associated with RSV infection?
a. Asthma
b. Cystic fibrosis
¢. Lung cancer
d. All of the above
e. None of the above

9. Which of the following is/are appropriate agent(s) for pharmacological prophylaxis of
RSV in at-risk infants?

a. Palivizumab

b. Corticosteroids
c¢. Bronchodilators
d. All of the above
e. None of the above

10. Which of the following methods can decrease the spread of RSV infection in the hospital?
a. Hand hygiene
b. Screening of visitors
c. Single-room neonatal ICU design
d. All of the above
e. None of the above
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