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ABSTRACT

Respiratory syncytial virus (RSV) disease is a
significant cause of morbidity and socioeco-
nomic burden worldwide among young chil-
dren. The majority of RSV-associated lower
respiratory tract infections (LRTI) and mortality
occurs in developing countries and is associated
with various sociodemographic risk factors.
Independent risk factors for severe RSV disease
include age and premature birth. While RSV
mortality in developed countries is lower rela-
tive to developing countries, high-risk infants
with comorbidities experience higher rates of
mortality. RSV LRTI is often severe and is asso-
ciated with hospitalization, increased need for
intensive care unit admission and mechanical
ventilation, long-term complications, and
caregiver stress and loss of work productivity.
Overall, these factors translate to higher health
care resource utilization and costs and should
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be factored into the consideration for RSV pro-
phylaxis. Multiple vaccine candidates and long-
acting monoclonal antibodies are in various
stages of clinical development. Currently, pali-
vizumab is the only approved RSV immuno-
prophylaxis available for use in specific high-
risk pediatric populations. This review will dis-
cuss the socioeconomic impact and health care
resource utilization of RSV-related hospitaliza-
tion (RSVH) as well as various sociodemo-
graphic risk factors that can be used to identify
children at high risk of developing severe RSV
disease.
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Respiratory syncytial virus (RSV) disease is
a global concern and is a cause of
significant morbidity and socioeconomic
burden among high-risk populations

Physician and emergency department
visits, hospitalization, intensive care unit
admission, need for mechanical
ventilation, cost associated with
treatment, caregiver stress and work loss,
and long-term complications all
contribute to the increasing health care
utilization and economic burden of RSV
disease

Although development of a vaccine
against RSV has been a global priority for
several decades, no vaccines are currently
available; palivizumab is the only licensed
RSV prophylaxis available to prevent
severe RSV disease in high-risk infants and
children

Clinical efficacy of palivizumab in
preventing severe RSV disease is well
established

Until additional safe and effective
preventive therapies for RSV become
available, palivizumab should be used for
high-risk patients, and adoption of
strategies to help promote cost-
effectiveness should be employed

DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.13333388.

INTRODUCTION

Respiratory syncytial virus (RSV) disease is a
leading cause of hospitalization associated with

lower respiratory tract infections (LRTI) among
infants aged < 1 year [1]. The disease is gener-
ally self-limiting with upper respiratory tract
symptoms in otherwise healthy infants and
adults; however, 20-30% of infants develop
LRTI such as bronchiolitis and pneumonia
[2, 3]. Elderly adults have a higher rate of
pneumonia and long-term mortality within
lyear of RSV-related hospitalization (RSVH)
than those infected with influenza [4]. Severe
RSV infection 1is characterized by cough,
wheezing, tachypnea, dyspnea, otitis media,
chest wall retractions, and cyanosis [2, 3]. Pop-
ulations at increased susceptibility to severe RSV
infection include infants born prematurely;
children with comorbidities such as chronic
lung disease of prematurity (CLDP, formerly
known as bronchopulmonary dysplasia [BPD]),
congenital heart disease (CHD), immunodefi-
ciency, cystic fibrosis, or chromosomal abnor-
malities such as Down syndrome; adults aged
> 65 years; and adults with immunosuppres-
sion [3, 5]. RSV-infected infants often require
hospitalization, intensive care unit (ICU)
admission, and mechanical ventilation with
longer hospital stays. Moreover, they have
higher rates of physician visits and develop
long-term morbidities such as bronchospasm
and asthma. Overall, these factors contribute to
substantial health care utilization and eco-
nomic burden of RSV disease [6].

Despite continued efforts for several decades,
there is no effective cure or approved RSV vac-
cine. Development of an RSV vaccine is a global
priority, and there are several other promising
candidates for RSV disease management,
including antivirals and extended half-life
monoclonal antibodies, which will be discussed
in the next article. It will be several years before
safe and effective RSV therapies become avail-
able in clinical practice [7]. Until then, palivi-
zumab, a humanized monoclonal antibody, is
the only licensed immunoprophylaxis available
to prevent severe RSV LRTI in specific high-risk
pediatric populations, including premature
infants (< 35 weeks’ gestational age [wGA])
aged < o6months, children with BPD aged
< 24 months, and children with hemodynami-
cally significant CHD aged < 24 months [7, 8].
This review will discuss the wvarious
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sociodemographic risk factors that can be used
to identify infants at high risk of developing
severe RSV disease, long-term burden of severe
RSV, the impact on caregivers, and health care
resource utilization. This article is based on
previously conducted studies and does not
contain any studies with human participants or
animals performed by any of the authors.

GLOBAL BURDEN OF RSV DISEASE

RSV is the most common cause of LRTI in
young children and is associated with high
morbidity and mortality. Globally, RSV
accounts for approximately 33 million LRTI
episodes, 3 million RSVH, and 60,000 deaths
among children aged < 5years [9]. Of note,
more than 90% of RSV LRTI and mortality occur
in developing countries, commonly involve
otherwise healthy term infants, and are often
associated with serious respiratory and systemic
infections and pneumothoraxes [9, 10]. Overall,
RSV disease is a significant cause of mortality
and respiratory failure among infants in low-
income regions of developing countries poten-
tially because of limited availability of diag-
nostic tests and access to health care. In
developed countries, although mortality owing
to severe RSV disease is rare, it typically occurs
in high-risk infants with comorbidities [10].
RSV incidence and mortality rate vary from
season to season depending on geographic
location and socioeconomic and environmental
factors [9, 11]. An 18-year RSV surveillance
study conducted in Alaskan Native infants
reported that the RSVH rate was three times
higher in this population than in the rest of the
USA, despite an overall decline in RSVH rates by
60% and a shorter RSV season. Socioeconomic
factors that were associated with these higher
RSVH rates included overcrowded living condi-
tions and limited availability of indoor plumb-
ing [12]. An evidence-based systematic review,
REGAL (RSV Evidence-a Geographical Archive
of the Literature), provided a comprehensive
analysis of studies conducted between 1995 and
2015 on RSV disease burden in Western coun-
tries, including the USA, Canada, and Europe.
Among infants and children, RSV accounted for

12-63% of all acute respiratory infections, led to
19-81% of all viral acute respiratory infection-
associated hospitalizations, and was associated
with < 0.5% mortality [13]. Severity of RSVH
also varies geographically and the length of
hospital stay ranges between 1.2 and 15 days.
The average hospital stay was 5-8 days in Spain
and 1.2-3.8 days in the USA/UK; the proportion
requiring ICU admission was estimated to be
1.5% in Spain, 3.6% in Israel, and 11.6-17.5% in
the USA. While there is no direct explanation
for the varying trends between countries, it
should be noted that the presence of co-infec-
tion and/or comorbidities can influence the
severity of RSV infection, including length of
hospital stay and ICU admission [6].

In contrast to the vast literature on pediatric
populations, epidemiologic data on adult and
elderly populations are limited. Globally,
severity and burden of RSV disease among
adults and the elderly are comparable to that of
influenza with higher mortality rates occurring
among individuals with immunosuppression
and those requiring hospitalization [6]. A global
systematic review that included 44 studies
reported annual RSVH rates per 1000 persons
(95% CI) of 1.0 (0.5-2.1) in industrialized
countries and 0.3 (0.1-0.7) in developing
countries; in-hospital mortality per 1000 cases
(95% CI) are 3.3 (1.0-10.8) in industrialized
countries and 10.1 (2.1-45.5) in developing
countries [14]. It should be noted that under-
estimation of RSV burden could occur as a result
of misdiagnosed or unrecognized RSV infection
owing to similar clinical presentation of RSV
and influenza [6]. However, RSV burden could
be overestimated as well, as milder cases are not
rigorously tested compared with cases requiring
hospitalization [15].

A recent US, observational, retrospective,
industry-sponsored cohort study conducted by
Ackerson et al. compared mortality and mor-
bidity in adults aged > 60 years who were hos-
pitalized because of RSV (n = 645) or influenza
(n = 1878) infections. Compared with influen-
za-infected patients, those with RSV infection
had 2.7 times (P < 0.001) higher risk of devel-
oping pneumonia and significantly higher odds
of chronic obstructive pulmonary disease exac-
erbation, requiring ICU admission, longer
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hospital stay, and higher mortality within a year
tollowing infection [4]. Globally, RSV disease
has a substantial medical burden with varying
morbidity and mortality, depending on geo-
graphic and socioeconomic factors [6].

SOCIODEMOGRAPHIC RISK
FACTORS ASSOCIATED WITH RSV
DISEASE

Several sociodemographic factors contribute to
the risk of developing severe RSV disease.
Recognition of these factors can help identify
high-risk populations, inform policy makers of
effective management strategies, and educate
parents and other caregivers regarding modifi-
able risk factors [16, 17]. Importantly, younger
chronologic age is an independent risk factor
for RSV disease, and almost all children are
infected by 2 years of age [5, 18]. In a compre-
hensive, global, systematic review of 27 studies,
Shi et al. identified premature birth, low birth
weight, male sex, presence of siblings, maternal
smoking, family history of atopy, lack of
breast-feeding, and overcrowded household
(> 7 members) as risk factors that are signifi-
cantly associated with severe RSV disease
among children aged < S5years (Tablel).
Reduced parental education, exposure to
smoking, day care attendance, indoor air pol-
lution, HIV, multiple gestation, malnutrition,
altitude, history of illness, and limited avail-
ability of indoor plumbing may also increase
the risk of RSV-associated LRTI [16]. Nutritional
status and poor infant growth can be positive
predictors of RSVH, especially in non-industri-
alized regions, and may also confound the effi-
cacy analysis of palivizumab [16, 19].

In the USA, public vs private insurance is an
independent factor that is associated with an
increased risk of RSVH and a twofold higher rate
of emergency department visits among
32-35 wGA infants [20]. Other risk factors with
minor association to RSVH among children
aged < 18 years include high altitude, cesarean
delivery, and black or aboriginal race [13]. In
low-income, developing regions, there are
numerous risk factors significantly associated
(P < 0.05) with severe RSV disease leading to

Table 1 Multivariable and univariable analysis of risk
factors for RSV [16]

Risk factor No. of Odds ratio

studies (95% confidence
interval)
Prematurity (gestational 7 1.96 (1.44-2.67)
age < 37 weeks)

Low birth weight 5 1.91 (1.45-2.53)

Being male 12 1.23 (1.13-1.33)

Siblings 11 1.60 (1.32-1.95)

1.36 (1.24-1.50)
147 (1.16-1.87)
1.40 (0.94-2.08)
1.29 (0.96-1.73)
1.61 (0.98-2.64)

Maternal smoking

History of atopy

7
5
Low parental education 6
Passive smoking 8

3

Day care center

attendance
Indoor air pollution 5 0.81 (0.42-1.57)
No breast-feeding 3 2.24 (1.56-3.20)

Crowding (> 7 persons in 3 1.94 (1.29-2.93)

household)

respiratory failure or mortality among infants
aged < 1year, including chronologic age < 6
months; prematurity; low birth weight; pres-
ence of comorbidities such as cardiac disease or
neurologic disease; Down syndrome; male sex;
lack of breast-feeding; respiratory support dur-
ing neonatal period; presence of clinical com-
plications such as pneumonia, sepsis, positive
blood culture, and pneumothorax; and envi-
ronmental factors such as exposure to tobacco
smoke and lack of a sewage system at home
[10]. In general, the presence of > 2 factors is a
strong predictor of RSVH risk [6]. Region-speci-
fic customization of risk factors should be used
to identify populations at high risk for severe
RSV disease and to effectively mitigate its global
burden [16, 21].
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IMPACT OF RSVH ON CAREGIVERS

In addition to morbidity among affected
patients, RSVH causes significant distress
among caregivers of patients with RSVH. In a
prospective study, Leidy et al. analyzed the
burden of RSVH on caregivers of 46 premature
infants (< 35wGA) and children aged
< 30 months. Significant distress was observed
among patients and caregivers during the per-
iod of RSVH (average length of stay,
5.8 £ 8 days) that lasted up to 60 days after
discharge. This burden manifested as high
stress, poor functional status, and poor overall
health among patients and high stress, anxiety,
and disruption of family health and routines
among caregivers compared with controls [22].
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The findings were further confirmed in a
recent secondary analysis based on the SENTI-
NEL1 study that assessed the burden of RSVH
among caregivers of hospitalized 29-35 wGA
infants aged < 1 year and who did not receive
RSV immunoprophylaxis (N = 702) during the
2014-2015 RSV season. Stress among caregivers
(self-reported) and infants (perceived by care-
giver) was high and persisted for at least
1 month post-discharge (Fig.1). This was
accompanied by missed work and decreased
work productivity (91% and 31% in mothers
and 81% and 18% in fathers at discharge and
1 month post-discharge, respectively), disrup-
tion of sleep and family routines, separation
from siblings, and strain in finances and family
relationships. In general, the impact was higher
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Fig. 1 a Impact of RSV hospitalization on caregivers
persisted following discharge; b Caregiver-reported stress is
high and can persist after RSVH [23]. RSV respiratory

syncytial virus, RSVH RSV-related hospitalization From
Pokrzywinski RM, et al. Clin Pediatr  (Phila).
2019;58(8):837-850
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among caregivers of infants born at an earlier
gestational age [23]. Overall, the impact of
RSVH among caregivers and infants is substan-
tial and should not be underestimated.

LONG-TERM IMPACT OF RSV
DISEASE

In addition to the short-term morbidity associ-
ated with severe RSV disease, RSV LRTI in early
childhood is a significant risk factor for the
development of recurrent wheezing, asthma,
and impaired lung function later in life. In the
REGAL systematic literature review (21 studies),
recurrent wheezing rates of 4-47% and asthma
rates of 8-76% were reported later in life in
children who experienced an episode of RSV
LRTI at the age of < 3years (followed up to
25 years). These long-term morbidities may be
due to RSV itself or to the presence of preexist-
ing and predisposing factors related to wheez-
ing and asthma and other environmental risk
factors [24].

In a recent global systematic literature review
of 10 retrospective studies and 31 prospective
studies conducted between 1995 and 2018, Shi
et al. reported that an RSV LRTI in children aged
< 3 years was significantly associated with the
development of recurrent wheezing and asthma
vs the control group without childhood respi-
ratory insult (followed up to 9 years). An early
childhood RSV infection increased the risk of
wheezing by 3.05 times during the first
36 months, 2.60 times during 36-72 months,
and 2.14 times during 73-144 months of fol-
low-up compared with the control group.
Similarly, the risk of asthma development
was estimated to be 2.95 times greater for
73-144 months following an RSV LRTI com-
pared with the control group [25]. Recurrent
wheezing, which manifests more during the
winter months, can negatively affect quality of
life directly through respiratory symptoms,
sleep disturbances, and/or gastrointestinal
symptoms [6]. Asthma and recurrent wheezing
are also associated with substantial, long-term,
financial (both direct and indirect) and societal
burdens; the mean annual expenditure for a
patient with asthma may be more than $5000

[25, 26]. Long-term sequelae of RSV disease,
including recurrent wheezing and asthma,
account for 10-18% of health care resource
utilization and add to the economic burden of
RSV disease [27, 28]. Although the association
between early RSV LRTI and long-term compli-
cations is significant, a causative role for RSV in
wheezing and asthma is difficult to establish
and a mechanism has not been identified [25].
RSV prophylaxis with palivizumab in child-
hood may have a role in reducing the rate and
onset of long-term RSV disease sequelae. In the
industry-sponsored, placebo-controlled MAKI
trial, Blanken et al. showed that monthly pali-
vizumab prophylaxis in 429 infants born at
33-35 wGA during the RSV season reduced the
number of wheezing days by 61% (1.8% vs 4.5%
with a modest reduction of 2.7 days per
100 days) and the proportion of infants with
recurrent wheezing (11% vs 21%; P = 0.01) in
the first year of life compared with placebo [29].
Another industry-sponsored trial (N = 440) also
showed decrease in wheezing among palivizu-
mab recipients vs non-recipients (6.4% vs
18.9%; P < 0.001) during the study follow-up
period (until the third birthday of enrolled
children); however, the study had a non-ran-
domized, observational design [30]. Additional
well-controlled studies with standardized defi-
nitions and parameters are needed to ascertain
the preventive role of RSV prophylaxis in
wheezing and asthma and further inform RSV
management guidelines for high-risk individu-
als [25]. Palivizumab is not currently indicated
to reduce recurrent wheezing and asthma [8].

IMPACT OF RSV DISEASE
ON HEALTH CARE UTILIZATION

Health care utilization for RSV disease includes
visits to primary care physicians and specialists,
emergency department visits, hospital and ICU
admissions, diagnostic tests for RSV infection,
and management of RSV, including oxygen,
mechanical ventilation, antibiotics, and RSV
prophylaxis [6]. In general, RSVH and its sever-
ity, as measured by ICU admission, need for
mechanical ventilation, and length of stay tend
to be higher among high-risk infants with
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earlier gestational age and younger chronologic
age [6, 31, 32]. In the USA, RSV disease alone
accounts for 2.2% of all primary care visits,
3.2% of visits to a specialist, and 4.1% of
emergency department visits in children aged
< Syears [33]. Proportions of RSVH and its
severity are generally higher for preterm infants
(born at < 35wGA) compared with term
infants. Estimates of RSVH are also higher for
those born at earlier gestational age and with
younger chronologic age. In the USA, rates of
RSVH range between 1.5% and 3.8% for preterm
infants and 0.9% and 1.6% for term infants aged
< 1year. RSVH may require ICU admission in
more than half of preterm infants aged
< 90 days (range, 21%-58% by wGA), a much
higher proportion than for term infants (11%).
Mechanical ventilation use can be required for
as many as 34% and 14% of cases among pre-
term infants aged < 90days and <1 year,
respectively; for term infants, the respective
estimates are 2% and 3% [32]. The proportion of
RSVH during the neonatal period is higher
among preterm infants (as high as 26.2% in
< 29 wGA infants) relative to term infants (3.3%)
and further increases as the GA decreases. In
addition, preterm infants require increased
hospitalization length of stay, number of
outpatient visits, pharmacy claims, and mean
monthly health care costs (Fig. 2) compared to
term infants [34].

Data from SENTINEL1 showed that RSVH is
often severe in high-risk 29-35 wGA infants not
receiving RSV immunoprophylaxis. The pro-
portion of 29-35 wGA infants aged < 1 year
with RSVH who required ICU admission and
mechanical ventilation use was 45% and 19%,
respectively. These resources substantially con-
tributed to the direct medical costs of RSVH
with the highest charges incurred by
29-32 wGA infants aged < 3 months (median
hospital charges, $77,209). In general, both
health care utilization and costs were higher
when RSVH was associated with ICU admission,
mechanical ventilation wuse, and increased
length of stay [31]. In a retrospective, claims-
based study, McLaurin et al. analyzed 1,683,188
Medicaid-insured (MED) infants and 1,663,832
commercially insured infants (COM) born
between 2003 and 2013, of whom 10.8% and

8.8%, respectively, were born prematurely
(< 36 wGA). The mean hospitalization cost in
the first year following RSVH was higher for
preterm infants (MED, $15,839 and COM,
$19,931 for 33-34 wGA infants; MED, $39,354
and COM, $40,813 for < 29 wGA infants) vs
term infants (MED, $8324 and COM, $10,570)
[32].

In a recent retrospective observational
cohort, Ledbetter et al. estimated health care
utilization and costs that were incurred in the
first year following RSVH relative to controls
(no  LRTI-related hospitalization) (MED,
1,008,040 infants; COM, 703,945 infants).
Health care utilization and costs were signifi-
cantly higher among the RSVH group compared
with the control group, and this was further
increased for preterm infants vs term infants
and those born at earlier gestational age. The
highest mean health care costs were incurred by
< 29 wGA infants with RSVH (MED, $89,202;
COM, $263,509) and the lowest were among
term infants in the control group (MED, $1286;
COM, $2804) [35]. Overall, severe RSV disease
and its associated short-term and long-term
costs pose significant economic burdens.

Well-controlled industry-sponsored clinical
trials have shown that palivizumab reduces
RSVH by 78%, 39%, and 45% in < 35 wGA
infants, children with BPD, and CHD, respec-
tively [29, 36, 37]. While various studies have
examined the cost-benefit of palivizumab, the
results are inconclusive [38-47]. In general,
neonatal intensive care is expensive, and the
net cost varies depending on the intensity and
duration of care needed. Preterm birth, in par-
ticular, is often associated with high costs
stemming from neonatal intensive care (NICU)
stay and its long-term complications. This may
include both direct costs (hospitalization, par-
enteral nutrition, nursing time, diagnosis,
treatment) and indirect costs (work loss, trans-
portation) [48, 49]. Therefore, it is important to
consider both direct and indirect costs when
discussing cost-effectiveness of any interven-
tion. While there continues to be controversy
around the cost-effectiveness of palivizumab,
health care providers should try to offer the best
care available for their patients when possible.
This is especially true for patients vulnerable to
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severe RSV disease such as premature infants
and children with CLD and CHD [50].

CONCLUSION

RSV disease is a global concern and a leading
cause of RSV LRTI among young children [9].
Health care resource utilization for RSV disease
resulting from RSVH, its severity, management,
and long-term sequelae is substantial and varies
depending on age, presence of comorbidities,
and sociodemographic factors across countries.
Overall, the impact of RSV disease on health
care systems, costs, and caregivers is concerning
[6]. Alternative cost-effective therapies may be
available for other diseases, but palivizumab is
the only immunoprophylaxis currently avail-
able for the prevention of severe RSV disease
and its associated burdens among high-risk
patients [7]. The current recommendations by
the American Academy of Pediatrics to limit
immunoprophylaxis to preterm infants born at
< 29 wGA clearly leaves other preterm infants
at risk and should be reconsidered. Direct and
indirect costs associated with RSVH, including
long-term sequelae, quality of life, and caregiver
burden, must be considered for the medical

33-34 wGA

35-36 wGA Other FT with FT without
preterm major health  major health
problems problems

with permission from McLaurin KK, et al. Pediatric
Health Med Ther. 2019;10:21-31 © 2019 Dove Medical
Press Limited

management of RSV among vulnerable infants
[50, 51]. Region-specific risk factors may be used
to identify high-risk infants and help promote
the most cost-effective use of palivizumab in the
absence of long-acting monoclonal antibodies
or vaccines [16, 21].
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