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Chapter

Disease Severity in Respiratory
Syncytial Virus Infection: Role of
Viral and Host Factors

Julian P. Legg

Abstract

Respiratory syncytial virus (RSV) is not only a major cause of severe lower
respiratory tract infection (LRTI) in infancy but is increasingly recognised as an
important pathogen in later life. RSV infection is associated with a wide spec-
trum of disease ranging from asymptomatic infection to life-threatening bron-
chiolitis and pneumonia. Research has demonstrated that there exists a complex
interplay between viral and host factors that determines the severity of disease
following RSV infection. Several factors determine RSV virulence including the
infective properties of individual strains and viral load (VL). Disease outcome
from RSV infection is also impacted considerably by a variety of host factors
with the host immune response increasingly recognised as pivotal. This chapter
outlines our current understanding of these factors and provides an oversight of
their relative importance.

Keywords: respiratory syncytial virus, disease severity, viral load, immunology,
genotype

1. Introduction

Respiratory syncytial virus (RSV) has long been recognised as a cause of severe
lower respiratory tract infection (LRTI) in early childhood with increasing evi-
dence of its role as an important pathogen in later life [1]. RSV has many intriguing
features including its worldwide distribution, its capacity to cause severe disease in
early childhood and its extended impact on respiratory health [2]. Consequently,
RSV has been the focus of comprehensive study including host and viral determi-
nants of disease severity.

Serologic data has demonstrated that a high proportion of children (between
50 and 70%) will be infected with RSV in the first year of life [3, 4]. Asymptomatic
infection is infrequent during infancy with most infants developing clinical features
of an upper respiratory tract infection alone [5]. Following an initial prodromal
URTI phase, 25-40% of those infected will progress to develop signs and symp-
toms of bronchiolitis with tachypnoea and chest recession [5]. Bronchiolitis is
usually a mild illness in most infants, but a small proportion (2-3%) will develop
severe bronchiolitis necessitating hospitalisation [6]. It has been estimated that
nearly 33.8 million new cases of RSV-associated LRTI occur worldwide in children
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under 5 years of age leading to approximately 3.4 million hospitalizations annually
[7]. Mortality from RSV infection in developed countries is rare during infancy
although there are an estimated 66,000 and 239,000 yearly deaths in children
younger than 5 in the developing world [7, 8].

The major clinical manifestation of RSV in older children and adults is upper
respiratory tract illness (rhinitis and acute otitis media) although symptoms tend
to last longer and there is an increased incidence of cough and wheeze compared to
other respiratory viral infections [9, 10]. Immunity following RSV infection is only
effective for a matter of months before the individual is once again susceptible to
reinfection [11]. Consequently, reinfection occurs throughout life. LRTT is unusual
although RSV accounts for a significant percentage (>4%) of community-acquired
pneumonias during epidemics [12]. Elderly adults have an increased risk of lower
respiratory tract involvement, with 30-40% of patients having auscultatory find-
ings on examination of the chest [13].

RSV is evidently associated with a wide spectrum of disease which has led
to significant interest into those factors that determine the nature of the clinical
response to infection. Host, viral and geographical factors interact to dictate the
clinical outcome of any viral infection. The viral and host factors that influence the
human response to RSV infection are the focus of this chapter.

2. Viral factors
2.1 The virus

Respiratory syncytial virus is a medium-sized (120-300 nm), enveloped, single-
stranded RNA virus of the Paramyxoviridae family that is a ubiquitous pathogen in
all age groups. In 1956, it was first isolated from upper respiratory tract specimens
collected from a chimpanzee with coryza [14], being subsequently recovered from
two children in Baltimore with lower respiratory tract disease [15]. Its identification
as a principal cause of bronchiolitis took a further 4 years [16].

2.2 Viral genome and proteins

RSV has a negative polarity RNA genome composed of 15,000 nucleotides with
an estimated weight of 500 kDa. The non-segmented RNA genome encodes 10 units
from which 11 proteins are translated. The RSV nucleocapsid core consists of the
viral genomic RNA wrapped with N protein (called the N-RNA template), the major
viral phosphoprotein, encoded by the P gene and the major subunit of the RNA-
dependent RNA polymerase, encoded by the L gene. The genome also encodes for
two matrix proteins. The first matrix protein, M, is essential for RSV replication and
passaging and plays a central role in virus assembly. The second matrix protein, M2,
is localised within the nucleocapsid and has an essential role in the production of
complete mRNA during replication. The NS1 and NS2 gene sequences encode for the
so-called nonstructural proteins which have been shown to have multiple functions
including abrogation of the cellular antiviral response and induction of interferon
(IFN) transcription.

Three surface proteins are also encoded within the RSV genome, the fusion (F)
protein, the G attachment (G) protein and the small hydrophobic (SH) protein. The
F protein plays a central role in virus entry. It mediates fusion between the viral and
cellular membrane, thereby allowing the nucleocapsid to enter the cytoplasm of
the host cell. The G protein is essential for initial RSV attachment and interaction
with the host cell and is important for in vivo replication. The SH protein is a short
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integral membrane protein that is not essential for RSV replication in cell culture
but is involved to some degree in RSV survival in vivo.

2.3 Viral load

The estimation of viral load (VL) has proved invaluable for predicting disease
outcome in viral infections such as hepatitis C [17] and HIV [18]. The relationship
between the quantity of RSV in respiratory tract specimens and disease severity has
been the focus of multiple studies over the last 30 years. There has been significant
variability in study findings to date, with some identifying a positive correlation
between viral load and severity [19-21], while others have found no significant cor-
relation [22, 23] or an inverse relationship [24]. These disparate outcomes are likely
related to the variable nature of the studies with significant differences in age range,
enrolment criteria, quantification techniques (plaque assay vs. PCR) and timing
of sample collection. The majority of studies have evaluated VL in hospitalised
children only and at a single time point.

A number of recent studies have investigated the dynamics of viral load through
the analysis of sequential specimens collected during the course of the illness.
Garcia-Maurino et al. studied 150 children <2 years of age (39 outpatients and
111 inpatients) over 2 successive winters [25]. Children who required hospitalisa-
tion had significantly lower VLs assessed using quantitative PCR on nasal swabs.
Sequential VL evaluation (only evaluated in those hospitalised) demonstrated
higher initial VLs and a faster VL decline in those requiring ward care only
compared to those requiring PICU care. These findings are consistent with the
results from a smaller study of 33 infants hospitalised with RSV bronchiolitis
using nasosorption sampling of the upper airway [26]. Faster viral clearance was
also associated with milder disease and a shorter length of stay in 219 children in
Boston with RSV infection whose upper airway VL was assessed using plaque assay
[27]. However, by contrast, higher VLs on day 3 of admission were associated with
increased disease severity requiring PICU admission.

Studies to date highlight the complexity of the interaction between VL and
disease severity. Further studies are required to clarify this relationship and
should ideally analyse sequential specimens for changes in viral load in a tightly
defined cohort of children and include both hospitalised and community infants
with mild disease.

2.4 Genetic and antigenic variability

Through the application of monoclonal antibody technology, two major antigenic
groups of RSV have been identified—the A and B subgroups [28]. Epidemiological
studies have revealed that these groups have existed for over 40 years and have a
worldwide distribution [28]. Both groups appear to circulate concurrently with
geographical and temporal clustering frequently reported [29, 30]. The prevalence
of each subgroup follows an irregular, alternating pattern with subgroup A pre-
dominating in most analyses [29]. The link between the major antigenic groups of
RSV and disease severity is unclear. RSV-A has been associated with a more severe
disease course in a number of studies [31-33], while others have identified no dif-
ference between the subgroups [34-37] or increased severity due to infection with
RSV-B [38, 39]. While these inconsistent findings could result from differences in
study design and geography, the presence of varying RSV genotypes is likely to be a
significant confounding factor.

The RSV genome demonstrates significantly more variability than previously
understood [1].
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The G protein has been demonstrated as the greatest source of intragroup
variability with nucleotide differences of up to 20% [40]. These differences reside
predominantly within two variable regions that flank a relatively conserved central
ectodomain of the G protein gene.

The single-stranded, non-segmented nature of the RSV genome precludes the
genetic rearrangements that typify the dramatic antigenic shifts of the influenza
virus [41]. However, there is a considerable potential for genomic mutation given
the inability of RNA polymerase to proof-read during replication of the genome.
This provides an opportunity for antigenic drift to occur under the influence of
selective pressures from the environment. The current variability of the G protein
between RSV strains may therefore be explained by the progressive accumulation of
change together with survival and extinction of particular genotypes [42].

Prior to whole-genome sequencing, genetic studies have assessed strain vari-
ability within the two major groups primarily through analysis of the G protein gene
[42, 43]. Subsequent phylogenetic analyses have identified multiple lineages within
both group A and group B viruses with marked similarities observed between
strains from different locations and time periods [29, 42, 44]. This has led to the
recent subclassification of RSV into 14 RSV-A genotypes and 24 RSV-B genotypes
[45]. Several distinct RSV strains appear to cocirculate within an individual com-
munity during each annual epidemic with the predominant strain varying year
to year [44, 46]. Multiple elements appear to determine prevailing annual strains
including herd and maternal immunity, changes in social contacts and migration as
well as viral factors [29, 47-49].

RSV’s capacity for genomic mutation is exemplified by the emergence of two
novel genotypes, RSV-B BA and RSV-A ON1 genotypes. In 1999, the BA genotype
was first detected in Buenos Aires, Argentina [50], and has since spread gradually
and sequentially throughout the world [51], becoming the predominant group B gen-
otype, and even replacing all previous circulating RSV-B genotypes in some regions
[52, 53]. Subsequently, the RSV-A genotype ON1 was identified in Ontario, Canada,
in 2010 [54] and has rapidly spread worldwide [55]. Both genotypes demonstrate a
60-72 base pair duplication in the G protein gene which may change the antigenic
properties of the protein enabling evasion of the host immune response [50, 56].

The possibility that distinct RSV genotypes may have differing virulence hasled to
several studies in this area. Much interest has concerned the possible association of the
ONI1 genotype with less severe disease. Panayiotou et al. first described this association
in 99 children <2 years of age hospitalised with a RSV respiratory tract infection over
3 successive Cypriot winters [39]. The ON1 genotype was associated with significantly
milder illness (as determined by a clinical severity score) than either GA1 (RSV-A) or
BA (RSV-B) genotypes. This finding has also been observed in a number of subsequent
studies including a recent study of 329 infants with a clinical diagnosis of bronchiolitis
and infected with RSV alone [57, 58]. Infants with the NA1 genotype had a milder
clinical course both in terms of clinical severity scores and need for admission to
PICU. Conversely, other studies have reported a similar clinical course with different
genotypes [36, 59] or that genotype ON1 was associated with more severe disease in a
group of Vietnamese children hospitalised with signs of LRTI [60].

Once again, the lack of a consistent association between genotype and dis-
ease severity is presumably due to variable study design and geographic factors.
However, other factors should be considered. All studies to date have encompassed
multiple years to enable analysis of different viral strains as the dominant genotype
varies year to year. This inherently introduces a significant confounder with changes
between years in staff, clinical practice, herd immunity, etc. In addition, there is
increasing evidence of virulence factors encoded in regions of the genome outside
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the G protein hypervariable region that has been traditionally used for genotyping.
Studies in the mouse model have demonstrated that specific sequences within the
conserved central domain of the G protein influence RSV binding to the chemokine
receptor CX3CR1 impacting host response [61] and sequences contained in the F
protein are associated with significant differences in disease severity [62].

The possibility of different RSV genotypes having distinct infective properties
is an attractive explanation for the diverse severity of RSV disease which merits
further study. It is apparent that the interaction between RSV strain and disease is
complex. Whole-genome sequencing perhaps provides the best future opportunity
to further our understanding [1].

3. Host factors
3.1 Predisposing health factors

Pre-existing illness and disease have been long recognised as having a significant
impact on the severity of RSV disease. RSV infection in children with congenital
immunodeficiency (particularly of cell-mediated immunity) is associated with
a more severe clinical course [63], and individuals requiring immunosuppres-
sive therapy (such as haemopoietic cell transplant (HCT) recipients and patients
undergoing chemotherapy) also experience more sever disease. Following HCT,
RSV infection is associated with significant morbidity, including complications
such as late graft dysfunction and bronchiolitis obliterans syndrome. Mortality rates
range from 7 to 83% depending on a number of risk factors including lymphopenia
and high-dose total body irradiation [64-66]. Adult patients with leukaemia are
particularly vulnerable to RSV infection with reported mortality rates between 20
and 85% in those developing pneumonia [67] although children with leukaemia
appear to follow a more benign clinical course [68].

Pre-existing cardiopulmonary disease has a significant impact on the clinical
response to RSV infection. Underlying congenital heart disease in infants and
children has long been recognised to be associated with more severe outcomes from
RSV, including more frequent hospitalisation, longer lengths of stay and higher
rates of intensive care unit admission [69]. Similarly, children with bronchopul-
monary disease have markedly increased morbidity and mortality due to RSV [70].
Adults with underlying cardiac and pulmonary diseases are also prone to severe
respiratory illnesses with RSV infection [71]. Adults with chronic obstructive pul-
monary disease are particularly vulnerable to RSV infection with a high incidence
of lower respiratory tract disease and frequent hospitalisation [71].

The impact of RSV at the extremes of age is significant. Premature birth is a
significant risk factor for severe RSV disease; those born at less than 32 weeks of
gestational age have approximately double the hospitalisation risk of infants born
later [72]. Incomplete immunological and pulmonary maturation and reduced
transfer of maternal antibodies are all thought to contribute to this increased risk.
The burden in the elderly is also significant with evidence that the impact is similar
to that of non-pandemic influenza, both in the community and in nursing homes
[73]. RSV outbreaks in nursing homes have been well documented, studies report-
ing infection rates of over 10% with pneumonia in up to 55% of those affected
and mortality rates of up to 20% [73]. A recent prospective, international study
detected RSV in over 7% of moderate to severe acute respiratory episodes observed
in elderly adults living at home and found that the incidence of RSV infection
increased with age [13].
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3.2 Predisposing airway geometry

The potential impact of reduced premorbid lung function on the response to
a subsequent RSV infection has been of interest for many years. Two initial stud-
ies published in 1995 demonstrated that a reduced maximum expiratory flow at
functional residual capacity (V,.xFRC—believed to reflect the size of intrapulmo-
nary airways) measured in infancy before any lower respiratory tract illness was
associated with subsequent virus-associated wheeze [74, 75]. Subsequently, a large
prospective study of 2133 infants who had neonatal lung function performed found
that those subsequently hospitalised with RSV infection had significantly decreased
lung function compared to those with RSV infection managed in the community
[76]. These data together would suggest that congenitally smaller airways may
predispose infants to more severe RSV disease.

3.3 Host immune factors
The immune response to infection can be divided into two arms:

1. Innate immunity—this refers to nonspecific defence mechanisms that acti-
vate immediately or within hours of exposure to an infecting organism. The
efficacy of these mechanisms does not rely on clonal expansion.

2. Adaptive immunity—the adaptive immune response relies on the clonal
expansion of antigen-specific lymphocytes and can take several days to
complete. A principal feature of the adaptive immune response is the genera-
tion of immunological memory enabling a more rapid and effective response
to pathogens that have been previously encountered.

3.3.1 Innate immunity

The innate immune response to RSV infection consists of a coordinated response
incorporating a variety of cell types and their products. The character of this
response is a critical determinant of the outcome of infection. A slow, weak or
inappropriate response will result in delayed viral clearance enabling the virus to
spread to the lower airway producing enhanced pathology. An inappropriate innate
response will also have a direct impact on the nature and efficacy of the adaptive
immune response.

The importance of innate immunity is highlighted by genetic association studies
which have identified the strongest associations with severe disease due to polymor-
phisms of the innate immune system at both the allele and genotype level [77, 78].

3.3.1.1 Toll-like receptors

Type I interferons (IFN-I, a/p) are an important part of the innate immune
response to viral infection. Various cell intrinsic pattern recognition receptors
(PRRs) including the Toll-like receptors (TLR) recognise RSV as foreign and
potentially dangerous. This leads to the activation of key transcription factors
including interferon regulatory factors which regulate the expression of IFN-I
and pro-inflammatory cytokines [79]. IFN-I upregulates transcription of multiple
interferon-stimulated genes (ISGs) via the IFN-I receptor, which interfere with viral
replication, thus facilitating viral clearance.

TLR polymorphisms have been widely studied for their potential associa-
tion with severe RSV disease. Tal et al. identified an overrepresentation of a
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heterozygous genotype in two TLR4 mutations (Asp299Gly and Thr399Ile) among
a group of infants necessitating hospitalisation compared to a community-managed
group [80]. Similarly, the same mutations were significantly associated with
hospitalisation in a group of primarily premature infants with symptomatic RSV
infection [81]. However, subsequent studies have failed to confirm these findings
[82, 83] although one study has identified significant variability between different
RSV epidemics in the genetic risk of severe disease associated with these polymor-
phisms [83]. This highlights the complex interplay between host genetic factors and
the predominant circulating viral strain.

3.3.1.2 Surfactant proteins

The surfactant proteins (SPs) primarily reduce surface tension of the alveoli to
prevent lung collapse but also make a significant contribution to innate immunity.
In vitro, SP-A enhances uptake of RSV by macrophages, reduces RSV-induced
suppression of host cell tumour necrosis factor-a (TNF-a) and augments the
production of anti-inflammatory interleukin-10 (IL-10) [84]. SP-D-deficient mice
develop severe disease on exposure to RSV and have delayed viral clearance [85].
Studies on ventilated infants with RSV infection have demonstrated low surfactant
activity and reduced levels of SP-A, SP-B and SP-D compared to controls [86, 87]. In
addition, genetic analyses have identified certain polymorphisms of the surfactant
proteins that are associated with severe disease in RSV-infected infants [88, 89].

3.3.1.3 Inflammatory mediators

The initial contact between RSV and the host is typically at the nasal epithelium.
The epithelial surfaces form a physical barrier that is impermeable to most infectious
agents, acting as the first line of defence against invading organisms. In response to
contact with RSV, the epithelium also releases a variety of pro-inflammatory media-
tors and cytokines that play an important part in the innate immune response. A
number of in vitro studies have demonstrated the production of IL-1; IL-6; IL-8;
tumour necrosis factor-o; regulated upon activation, normal T-cell expressed and
presumably secreted (RANTES); and CXCL8 by RSV-infected primary airway
epithelial cell cultures [90-92]. Macrophages and neutrophils are important phago-
cytes but also produce a wide range of immunological mediators, including MIP-1a,
RANTES, IL-1, IL-6 and IL-8, when infected with RSV in vitro [93, 94]. Such
mediators have a significant impact on both early inflammation as well as subsequent
immunological responses. For example, IL-8 is chemotactic for neutrophils as well
as being a potent activator. Similarly, MIP-1a and RANTES activate both monocytes
and eosinophils as well as being potent CD4" T-cell chemoattractants.

Respiratory secretions from infants and children infected with RSV have been
found to contain many of these mediators [38, 95-97]. Some studies have also
identified correlates between certain inflammatory mediator concentrations and
disease severity. Higher levels of IL-8 have been identified in severe disease with a
strong correlation with oxygen requirement and need for ventilation [96, 98]. Nasal
concentrations of MIP-1a are significantly increased in children with RSV bron-
chiolitis that require oxygen therapy [99] and in RSV-infected adults that require
hospitalisation [100].

There has been much interest in the contribution of RANTES, a potent
chemoattractant for eosinophils, T cells and monocytes, to the pathogenesis of
RSV disease. RANTES levels in tracheal aspirates have been found to correlate
inversely with markers of disease severity in RSV bronchiolitis [95], and the
ratio of TNF-receptor to RANTES in nasopharyngeal aspirates is significantly
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raised in infants with severe RSV disease [101]. The potential protective impact
of RANTES has been further explored through analysis of promoter and intronic
polymorphisms in the RANTES gene. Certain polymorphisms (e.g., —403 G/A)
have been associated with reduced disease severity and greater production of
RANTES [102, 103].

3.3.1.4 Eosinophils

Eosinophils have been traditionally regarded as important in the innate immune
response to helminthic infection although several studies have suggested their pos-
sible contribution to RSV immunity. Eosinophil cationic protein (ECP), a cytotoxic
protein released with eosinophil activation, is found in nasal lavage fluid and serum
from children with severe RSV infection [104]. ECP levels in nasopharyngeal secre-
tions have been found to correlate with disease severity [105, 106] suggesting a role
for the eosinophil in the pathogenesis of RSV disease.

3.3.2 Adaptive immunity
3.3.2.1 Humoral immunity

The developing foetus acquires maternal IgG antibodies to RSV through the
placenta actively. The transfer rate gradually increases from 30 weeks of gestation
to a maximum between 38 and 40 weeks. Following birth, levels of neutralising
antibody slowly diminish with a mean half-life of 26 days [107]. The quantity of
antibody transferred is important in protecting infants against infection; higher
specific antibody titres are associated with milder disease following RSV infection
[108]. Infants also acquire antibodies from the mother through breast feeding with
breast fed infants having significantly reduced oxygen requirement and length of
stay following hospitalisation with RSV bronchiolitis [109].

There is considerable variability in the humoral response of infants to pri-
mary infection. During the first year of life, there is rapid maturation of the
immune system, and this may account for much of this variability. In the first
6 months of life, the serum IgA response is greater than that of IgG [110]. In
older children, there is a predominant rise in IgG levels with IgG1 and IgG3
subclasses accounting for the major part of this response [110], whereas IgG1
and IgG2 subclasses form the bulk of the adult response [111]. As well as these
qualitative differences in antibody response with age, there is also quantitative
variation with generally very low titres of antibody produced in early infancy.
The antibody titres against both the F and G surface proteins of RSV in infancy
are 10 to 12 times lower than those observed in children over 12 months of age
[112]. This blunted response appears to be caused by a combination of factors
including the presence of residual maternal antibody and immaturity of the
immune system [113].

Murine studies have demonstrated that the humoral response is an important
factor in RSV disease severity. B-cell-depleted mice, which consequently have no
antibody response to infection, experience greater illness on primary RSV infec-
tion [114]. Similarly, higher neutralising antibody titres in children are associated
with a lower incidence of severe lower respiratory tract disease once infected
with RSV. Clinical severity scores inversely correlate with antibody titres to the F
protein in infants with RSV infection [115], and therapeutic trials of polyclonal
and monoclonal antibodies have demonstrated reduced disease severity in treated
infants [116, 117].
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3.3.2.2 Cell-mediated immunity

The cellular arm of the adaptive immune response is orchestrated primarily
by cytotoxic T lymphocytes (CTLs) and T-helper (Th) lymphocytes. Cell-
mediated immunity is extremely important for the eradication and abrogation
of the clinical response to RSV infection as highlighted by the severe impact of
infection in individuals with severe congenital/acquired impairment of cellular
immunity [63, 118].

3.3.2.2.1 Cytotoxic T lymphocytes (CD8" T cells)

CTLs are pivotal for the control of many intracellular pathogens and have the
capacity to differentiate into long-lived memory CTLs which provide a rapid, robust
response to subsequent infection. CTLs have been found to have an important
role in clearing RSV during animal studies. Mice that have been rendered athymic
are unable to produce a CTL response to RSV infection and become chronically
infected. Clearance of the virus can be subsequently achieved by injecting the mice
with primed RSV-specific CTLs [119]. There is also some evidence that CTLs can
contribute to severe disease if produced in large numbers [120].

Unfortunately, the role of CTLs in human RSV infection has been little studied
largely due to the relatively modest RSV-specific T-cell responses observed in the
blood and the low numbers of RSV-specific T-cell memory cells present between
infections. Using HLA tetrameric staining, RSV-specific CD8" T cells were analysed
in bronchoalveolar lavage fluid and blood specimens from infants requiring ventila-
tory support for RSV bronchiolitis. RSV-specific T-cell numbers peaked in blood
around days 9-12 (at the time of recovery), and there was no correlation between
cell numbers and parameters of disease severity [121]. A similar pattern is observed
in experimental infection of adult volunteers where antigen-specific CD8" T-cell
numbers peak 10 days after initial infection at approximately the same time as a
fall in viral load and resolution of symptoms [122]. This would perhaps suggest an
important contribution to viral clearance although the impact of CTLs on disease
severity in man remains undefined.

3.3.2.2.2 T-helper lymphocytes (CD4" T cells)

CD4" T cells recognise antigens presented on MHC class II molecules, which are
found on antigen-presenting cells. They respond by releasing cytokines which play a
major role in instigating and shaping adaptive immune responses. The cytokines pro-
duced have been used to differentiate these cells into the two major classes of effector
T cell—T helper (Th) 1 (producing type 1 cytokines) and Th2 (producing type 2
cytokines) [123]. In general, type 1 cytokines (such as interferon-gamma (IFN-y)
and IL-12) favour the development of a strong cellular immune response and are an
important component of an effective response to intracellular pathogens including
viruses. Type 2 cytokines (such as IL-4 and IL-5) favour a strong humoral response to
infection by promoting B-cell proliferation and increased production of antibodies.
Type 2 cytokines also mediate allergic responses. Cross regulation occurs between the
two responses, and responses deviated toward type 2 or away from type 1 are associ-
ated with more severe disease in several infectious disease model [124, 125].

Indirect evidence suggests that T-helper lymphocytes have a significant role in RSV
disease with CD4" T cells constituting the largest lymphocyte population in bron-
choalveolar lavage fluid obtained from infants ventilated for RSV bronchiolitis [126].
Subsequent studies have focussed on the exact nature of this CD4" T-cell response.
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Murine studies have demonstrated that prior sensitisation to RSV surface
proteins followed 3 weeks later by RSV infection can induce polarised cyto-
kine responses which follow broad type 1 and type 2 repertoires [127]. Type 2
responses were associated with enhanced disease characterised by pulmonary
haemorrhage and eosinophilia while those with type 1 responses had reduced
immunopathology and enhanced viral clearance [128]. A type 2 cytokine response
also correlates with quantitated pulmonary pathology following primary RSV
infection of BALB/c mice [129].

Multiple human studies have examined type 1 and type 2 immune responses to
RSV and have largely identified a similar predominance of type 2 cytokines in those
with more severe disease. Type 1 cytokines (including IFN-y and TNF-a) are increased
in the circulation, the nose and lung during an RSV LRTI [96, 130, 131]. Lower IFN-y
levels are associated with increased severity scores, hypoxia and need for ventilation
[97, 131-134]. Type 2 cytokines (including IL-4, IL-10 and IL-13) are also increased
in the blood, nose and lung during RSV LRTI [95, 132, 135]. However, higher type 2
cytokine levels are generally associated with more severe disease. Systemic IL-10 levels
correlate with disease severity in RSV LRTT [136, 137] although respiratory tract IL-10
levels would appear to be associated with milder disease features [95].

Multiple studies have also evaluated the type 1/type 2 immune balance through
the quantification of cytokine ratio. The ratio of IL-4 to IFN-y is raised both
systemically and in the respiratory tract in patients with bronchiolitis that require
oxygen therapy suggesting a skew towards type 2 responses [138, 139]. Similarly,
IL-4:IFN-y and IL-10:IL-12 ratios are raised in nasal lavage obtained from infants
with RSV who develop bronchiolitis compared to those that develop signs of an
URTI only [23], and type 2 cytokines predominate in nasopharyngeal specimens
from children with hypoxic RSV LRTI [96].

Overall, current evidence would support a bias towards a type 2 T-helper cell
response in severe RSV infection. Further studies are, however, required to confirm
these findings and would ideally analyse prospectively the cytokine response both
systemically and within the airway. Such studies should, also, examine both chil-
dren and adults with RSV infection using relevant study groups (URTI, LRTI) and
strictly control for potential confounding factors such as sampling times (relative to
infection onset) and age differences between groups.

3.3.2.2.3 Regulatory T cells

Regulatory T cells (Tregs) are immunoregulating cells that maintain the immu-
nological equilibrium by controlling effector T-cell activation and hence preventing
tissue damage during the immune response to infections [140]. Animal studies
in Treg-depleted mice have highlighted their importance. RSV infection of Treg-
depleted mice results in severe disease with a significantly elevated viral load and an
exuberant cytotoxic T-cell response highlighting the importance of Tregs for both
viral clearance and control of the RSV-specific T-cell response [141]. A recent study
of infants with severe bronchiolitis demonstrated a prolonged reduction in Tregs
in these patients compared to a similarly aged, healthy control group [142]. While
intriguing, further studies are required to confirm this finding and to clarify the
role of Tregs in severity of RSV disease.

4. Conclusion

The broad spectrum of disease due to RSV infection likely represents a complex
interplay between multiple viral and host factors. Despite significant research in
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this area, our understanding of the relative importance of each factor is limited
although recent studies that have examined multiple components of the virus-host
interaction have provided some insight. Individual viral strains have differing
infective properties which primarily determine RSV virulence alongside other fac-
tors such as viral load. The host immune response is increasingly recognised as an
important determinant of disease severity. Other host factors including underlying
immunological/cardiopulmonary disease and small airway geometry in infancy also
appear to have an important impact.

Each year 2-3% of all infants require hospitalisation due to RSV outbreaks [6].
These epidemics result in substantial healthcare costs with direct medical costs for
children <5 years old amounting to over $600 million in the United States alone
[143]. Despite the substantial impact of RSV, advances in effective prevention and
treatment have been slow. Future studies that consider fully the contribution of
both viral and host factors in the pathogenesis of severe disease will undoubtedly
facilitate the development of effective therapies.

Conflicts of interest

Dr. Legg has no potential conflicts of interest.

Author details
Julian P. Legg"*>?

1 Department of Paediatric Respiratory Medicine, Southampton Children’s
Hospital, Southampton, UK

2 Southampton NIHR Respiratory Biomedical Research Unit, Southampton General
Hospital, Southampton, UK

3 Clinical and Experimental Sciences, University of Southampton Faculty of
Medicine, Southampton General Hospital, Southampton, UK

*Address all correspondence to: jpl2@soton.ac.uk

IntechOpen

© 2019 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium,

provided the original work is properly cited.

11



The Burden of Respiratory Syncytial Virus Infection in the Young

References

[1] Griffiths C, Drews SJ, Marchant DJ.
Respiratory syncytial virus: Infection,
detection, and new options for
prevention and treatment. Clinical
Microbiology Reviews. 2017;30:277-319.
DOI: 10.1128/CMR.00010-16

[2] Borchers AT, Chang C, Gershwin ME,
Gershwin L]. Respiratory syncytial
virus—A comprehensive review.
Clinical Reviews in Allergy and
Immunology. 2013;45:331-379. DOI:
10.1007/s12016-013-8368-9

[3] Glezen WP, Taber LH, Frank AL,
Kasel JA. Risk of primary infection and
reinfection with respiratory syncytial

virus. American Journal of Diseases of
Children (1960). 1986;140:543-546

[4] Sims DG, Downham MA, McQuillin]J,
Gardner PS. Respiratory syncytial virus

infection in North-East England. British
Medical Journal. 1976;2:1095-1098. DOI:
10.1136/bm;j.2.6044.1095

[5] Fields BN, Knipe DM, Howley PM.
Fields Virology. Philadelphia: Wolters
Kluwer Health/Lippincott Williams &
Wilkins; 2013

[6] Hall CB, Weinberg GA, Iwane MK,
Blumkin AK, Edwards KM,

Staat MA, et al. The burden of
respiratory syncytial virus infection

in young children. The New England
Journal of Medicine. 2009;360:588-598.
DOI: 10.1056/NEJMo0a0804877

[7] Nair H, Nokes DJ, Gessner BD,
Dherani M, Madhi SA, Singleton R],

et al. Global burden of acute lower
respiratory infections due to respiratory
syncytial virus in young children: A
systematic review and meta-analysis.
The Lancet. 2010;375:1545-1555. DOI:
10.1016/S0140-6736(10)60206-1

[8] Lozano R, Naghavi M, Foreman K,
Lim S, Shibuya K, AboyansV, et al.

12

Global and regional mortality from 235
causes of death for 20 age groups in
1990 and 2010: A systematic analysis
for the global burden of disease

study 2010. Lancet (Lond, Engl).
2012;380:2095-2128. DOI: 10.1016/
S0140-6736(12)61728-0

[9] HallCB, Geiman]JM, BiggarR,KotokDlI,
Hogan PM, Douglas GR. Respiratory
syncytial virus infections within
families. The New England Journal

of Medicine. 1976;294:414-419. DOI:
10.1056/NEJM197602192940803

[10] Hall W], Hall CB, Speers DM.
Respiratory syncytial virus infection
in adults: Clinical, virologic, and serial
pulmonary function studies. Annals of
Internal Medicine. 1978;88:203-205

[11] Hall CB, Walsh EE, Long CE,
Schnabel KC. Immunity to and
frequency of reinfection with
respiratory syncytial virus. The Journal
of Infectious Diseases. 1991;163:693-
698. DOI: 10.1093/infdis/163.4.693

[12] Dowell SF, Anderson L], Gary HE,
Erdman DD, Plouffe JF, File TM,

et al. Respiratory syncytial virus is an
important cause of community-acquired
lower respiratory infection among
hospitalized adults. The Journal of
Infectious Diseases. 1996;174:456-462.
DOI: 10.1093/infdis/174.3.456

[13] Falsey AR, McElhaney JE, Beran ],
van Essen GA, Duval X, Esen M, et al.
Respiratory syncytial virus and

other respiratory viral infections in
older adults with moderate to severe
influenza-like illness. The Journal of
Infectious Diseases. 2014;209:1873-
1881. DOI: 10.1093/infdis/jit839

[14] Morris JA, Saglam M, Bozeman FM.
Recovery of a new syncytium virus
from a cottontail rabbit. The Journal of
Infectious Diseases. 1965;115:495-499



Disease Severity in Respiratory Syncytial Virus Infection: Role of Viral and Host Factors

DOI: http://dx.doi.org/10.5772/intechopen.88782

[15] Chanock R, Finberg L. Recovery
from infants with respiratory illness of
a virus related to chimpanzee coryza
agent (CCA). II. Epidemiologic aspects
of infection in infants and young
children. American Journal of Hygiene.
1957;66:291-300

[16] Mcclelland L, Hilleman MR,
Hamparian VV, Ketler A,

Reilly CM, Cornfeld D, et al. Studies
of acute respiratory illnesses caused
by respiratory syncytial virus. 2.
Epidemiology and assessment of
importance. The New England Journal
of Medicine. 1961;264:1169-1175. DOI:
10.1056/NEJM196106082642301

[17] Weiland O, Braconier JH,

Frydén A, Norkrans G, Reichard O,
Uhnoo I. Influence of pre-treatment
factors on outcome of interferon-alpha
treatment of patients with chronic
hepatitis C. Scandinavian Journal of
Infectious Diseases. 1999;31:115-118

[18] Mellors JW. Plasma viral load

and CD4" lymphocytes as prognostic
markers of HIV-1 infection. Annals of
Internal Medicine. 1997;126:946. DOI:
10.7326/0003-4819-126-12-199706150-
00003

[19] DeVincenzo JP, El Saleeby CM,
Bush AJ. Respiratory syncytial virus
load predicts disease severity in
previously healthy infants. The Journal
of Infectious Diseases. 2005;191:1861-
1868. DOI: 10.1086/430008

[20] Houben ML, Coenjaerts FEJ,
RossenJWA, Belderbos ME, Hofland RW,
Kimpen JLL, et al. Disease severity and
viral load are correlated in infants with
primary respiratory syncytial virus
infection in the community. Journal of
Medical Virology. 2010;82:1266-1271.
DOI: 10.1002/jmv.21771

[21] Fodha I, Vabret A, Ghedira L,

Seboui H, Chouchane S, Dewar J, et al.
Respiratory syncytial virus infections

13

in hospitalized infants: Association
between viral load, virus subgroup,
and disease severity. Journal of Medical
Virology. 2007;79:1951-1958. DOI:
10.1002/jmv.21026

[22] de Souza APD, Leitio LA de A,
Luisi F, Souza RG, Coutinho SE, da
Silva JR, et al. Lack of association
between viral load and severity of acute
bronchiolitis in infants. Jornal Brasileiro
de Pneumologia. 2016;42:261-265. DOI:
10.1590/S51806-37562015000000241

[23] Legg JP, Hussain IR, Warner JA,
Johnston SL, Warner JO. Type 1 and
type 2 cytokine imbalance in acute
respiratory syncytial virus bronchiolitis.
American Journal of Respiratory and
Critical Care Medicine. 2003;168:633-
639. DOI: 10.1164/rccm.200210-11480C

[24] Martin ET, Kuypers ], Heugel ],
Englund JA. Clinical disease and
viral load in children infected with
respiratory syncytial virus or human
metapneumovirus. Diagnostic
Microbiology and Infectious Disease.
2008;62:382-388. DOI: 10.1016/j.
diagmicrobio.2008.08.002

[25] Garcia-Maurino C,
Moore-Clingenpeel M, Thomas J,

Mertz S, Cohen DM, Ramilo O, et al.
Viral load dynamics and clinical disease
severity in infants with respiratory
syncytial virus infection. The Journal of
Infectious Diseases. 2019;219:1207-1215.
DOI: 10.1093/infdis/jiy655

[26] Thwaites RS, Coates M, Ito K,
Ghazaly M, Feather C, Abdulla F, et al.
Reduced nasal viral load and IFN
responses in infants with respiratory
syncytial virus bronchiolitis and
respiratory failure. American Journal of
Respiratory and Critical Care Medicine.
2018;198:1074-1084. DOI: 10.1164/
rccm.201712-25670C

[27] El Saleeby CM, Bush AJ,
Harrison LM, Aitken JA, DeVincenzo JP.



The Burden of Respiratory Syncytial Virus Infection in the Young

Respiratory syncytial virus load, viral
dynamics, and disease severity in
previously healthy naturally infected
children. The Journal of Infectious
Diseases. 2011;204:996-1002. DOI:
10.1093/infdis/jir494

[28] Anderson LJ, Hierholzer JC,

Tsou C, Hendry RM, Fernie BF, Stone,
et al. Antigenic characterization of
respiratory syncytial virus strains with
monoclonal antibodies. The Journal of
Infectious Diseases. 1985;151:626-633.
DOI: 10.1093/infdis/151.4.626

[29] Peret TC, Hall CB, Hammond GW,
Piedra PA, Storch GA, Sullender WM,
et al. Circulation patterns of group A
and B human respiratory syncytial virus
genotypes in 5 communities in North
America. The Journal of Infectious
Diseases. 2000;181:1891-1896. DOI:
10.1086/315508

[30] Hendry RM, Talis AL,

Godfrey E, Anderson L], Fernie BF,
McIntosh K. Concurrent circulation
of antigenically distinct strains of
respiratory syncytial virus during
community outbreaks. The Journal of
Infectious Diseases. 1986;153:291-297.
DOI: 10.1093/infdis/153.2.291

[31] Hall CB, Walsh EE, Schnabel KC,
Long CE, McConnochie KM,

Hildreth SW, et al. Occurrence of groups
aand B of respiratory syncytial virus
over 15 years: Associated epidemiologic
and clinical characteristics in
hospitalized and ambulatory children.
The Journal of Infectious Diseases.
1990;162:1283-1290. DOI: 10.1093/
infdis/162.6.1283

[32] Jafri HS, Wu X, Makari D,
Henrickson K]J. Distribution of
respiratory syncytial virus subtypes

A and B among infants presenting

to the emergency department with
lower respiratory tract infection or
apnea. The Pediatric Infectious Disease
Journal. 2013;32:335-340. DOI: 10.1097/
INF.0b013e318282603a

14

[33] Tabarani CM, Bonville CA,
Suryadevara M, Branigan P, Wang D,
Huang D, et al. Novel inflammatory
markers, clinical risk factors and

virus type associated with severe
respiratory syncytial virus infection.
The Pediatric Infectious Disease Journal.
2013;32:e437-e442. DOI: 10.1097/
INF.0b013e3182a14407

[34] Rodriguez-Fernandez R, Tapia LI,
Yang C-F, Torres JP, Chavez-Bueno S,
Garcia C, et al. Respiratory syncytial
virus genotypes, host immune profiles,
and disease severity in young children
hospitalized with bronchiolitis.

The Journal of Infectious Diseases.
2018;217:24-34. DOI: 10.1093/infdis/
jix543

[35] Laham FR, Mansbach JM,
Piedra PA, Hasegawa K, Sullivan AF,
EspinolaJA, et al. Clinical profiles
of respiratory syncytial virus
subtypes a AND B among children
hospitalized with bronchiolitis. The
Pediatric Infectious Disease Journal.
2017;36:808-810. DOI: 10.1097/
INF.0000000000001596

[36] Comas-Garcia A, Noyola DE,
Cadena-Mota S, Rico-Hernandez M,
Bernal-Silva S. Respiratory syncytial
virus-a ON1 genotype emergence in
Central Mexico in 2009 and evidence of
multiple duplication events. The Journal
of Infectious Diseases. 2018;217:1089-
1098. DOI: 10.1093/infdis/jiy025

[37] McIntosh ED, De Silva LM,

Oates RK. Clinical severity of
respiratory syncytial virus group A and
B infection in Sydney, Australia. The
Pediatric Infectious Disease Journal.
1993;12:815-819

(38] Hornsleth A, Klug B, Nir M,
Johansen J, Hansen KS, Christensen LS,
et al. Severity of respiratory syncytial
virus disease related to type and
genotype of virus and to cytokine values
in nasopharyngeal secretions. The



Disease Severity in Respiratory Syncytial Virus Infection: Role of Viral and Host Factors

DOI: http://dx.doi.org/10.5772/intechopen.88782

Pediatric Infectious Disease Journal.
1998;17:1114-1121

[39] Panayiotou C, Richter ],
Koliou M, Kalogirou N, Georgiou E,
Christodoulou C. Epidemiology of

respiratory syncytial virus in children in

Cyprus during three consecutive winter
seasons (2010-2013): Age distribution,
seasonality and association between
prevalent genotypes and disease
severity. Epidemiology and Infection.
2014;142:2406-2411. DOI: 10.1017/
S0950268814000028

[40] Melero JA, Garcia-Barreno B,
Martinez I, Pringle CR, Cane PA.
Antigenic structure, evolution and
immunobiology of human respiratory
syncytial virus attachment (G) protein.
The Journal of General Virology.
1997;78(Pt 10):2411-2418. DOI:
10.1099/0022-1317-78-10-2411

[41] Scholtissek C. Molecular evolution
of influenza viruses. Virus Genes.
1995;11:209-215

[42] Cane PA, Pringle CR. Molecular
epidemiology of respiratory syncytial
virus: A review of the use of reverse

transcription-polymerase chain reaction

in the analysis of genetic variability.
Electrophoresis. 1995;16:329-333

[43] Sullender WM. Respiratory
syncytial virus genetic and antigenic

diversity. Clinical Microbiology Reviews.

2000;13:1-15. Table of contents. DOI:
10.1128/cmr.13.1.1-15.2000

[44] Coggins WB, Lefkowitz EJ,
Sullender WM. Genetic variability
among group A and group B respiratory
syncytial viruses in a children’s hospital.
Journal of Clinical Microbiology.
1998;36:3552-3557

[45] Song J, Wang H, Shi], Cui A,
HuangY, SunL, et al. Emergence of
BA9 genotype of human respiratory
syncytial virus subgroup B in

15

China from 2006 to 2014. Scientific
Reports. 2017;7:16765. DOI: 10.1038/
s41598-017-17055-0

[46] Cane PA. Molecular epidemiology
of respiratory syncytial virus. Reviews
in Medical Virology. 2001;11:103-116.
DOI: 10.1002/rmv.305

[47] Agoti CN, Mwihuri AG, Sande CJ,
Onyango CO, Medley GF, Cane PA,

et al. Genetic relatedness of infecting
and reinfecting respiratory syncytial
virus strains identified in a birth cohort
from rural Kenya. The Journal of
Infectious Diseases. 2012;206:1532-1541.
DOI: 10.1093/infdis/jis570

(48] Botosso VF, Zanotto PM de

A, Ueda M, Arruda E, Gilio AE,

Vieira SE, et al. Positive selection
results in frequent reversible amino

acid replacements in the G protein gene
of human respiratory syncytial virus.
PLoS Pathogens. 2009;5:€1000254. DOI:
10.1371/journal.ppat.1000254

[49] Tan L, Lemey P, Houspie L,

Viveen MC, Jansen NJG, van LAM,

et al. Genetic variability among
complete human respiratory syncytial
virus subgroup a genomes: Bridging
molecular evolutionary dynamics and
epidemiology. PLoS One. 2012;7:e51439.
DOI: 10.1371/journal.pone.0051439

[50] Trento A, Galiano M, Videla C,
Carballal G, Garcia-Barreno B,
Melero JA, et al. Major changes in
the G protein of human respiratory
syncytial virus isolates introduced
by a duplication of 60 nucleotides.
The Journal of General Virology.
2003;84:3115-3120. DOI: 10.1099/
vir.0.19357-0

[51] Trento A, Casas I, Calderén A,
Garcia-Garcia ML, Calvo C,
Perez-Brefia P, et al. Ten years of global
evolution of the human respiratory
syncytial virus BA genotype with a
60-nucleotide duplication in the G
protein gene. Journal of Virology.



The Burden of Respiratory Syncytial Virus Infection in the Young

2010;84:7500-7512. DOI: 10.1128/
JVI.00345-10

[52] Houspie L, Lemey P, Keyaerts E,
ReijmenE, Vergote V, Vankeerberghen A,
et al. Circulation of HRSV in Belgium:
From multiple genotype circulation to
prolonged circulation of predominant
genotypes. PLoS One. 2013;8:e60416.
DOI: 10.1371/journal.pone.0060416

[53] van Niekerk S, Venter M.
Replacement of previously circulating
respiratory syncytial virus subtype

B strains with the BA genotype in
South Africa. Journal of Virology.
2011;85:8789-8797. DOI: 10.1128/
JV1.02623-10

[54] Eshaghi A, Duvvuri VR, Lai R,
Nadarajah JT, Li A, Patel SN, et al.
Genetic variability of human respiratory
syncytial virus a strains circulating in
Ontario: A novel genotype with a 72
nucleotide G gene duplication. PLoS
One. 2012;7:€32807. DOI: 10.1371/
journal.pone.0032807

[55] Gaymard A,
Bouscambert-Duchamp M, Pichon M,
Frobert E, Vallee J, Lina B, et al. Genetic
characterization of respiratory syncytial
virus highlights a new BA genotype

and emergence of the ON1 genotype in
Lyon, France, between 2010 and 2014.
Journal of Clinical Virology: The Official
Publication of the Pan American Society
for Clinical Virology. 2018;102:12-18.
DOI: 10.1016/jjcv.2018.02.004

[56] Hirano E, Kobayashi M,
Tsukagoshi H, Yoshida LM, Kuroda M,
Noda M, et al. Molecular evolution

of human respiratory syncytial virus
attachment glycoprotein (G) gene of
new genotype ON1 and ancestor NA1.
Infection, Genetics and Evolution:
Journal of Molecular Epidemiology and
Evolutionary Genetics of Infectious
Diseases. 2014;28:183-191. DOI:
10.1016/j. meegid.2014.09.030

[57] Midulla F, Nenna R, Scagnolari C,
Petrarca L, Frassanito A, Viscido A,

16

et al. How respiratory syncytial virus
genotypes influence the clinical course
in infants hospitalized for bronchiolitis.
The Journal of Infectious Diseases.
2019;219:526-534. DOI: 10.1093/infdis/
jiy496

[58] Esposito S, Piralla A, Zampiero A,
Bianchini S, Di Pietro G, Scala A, et al.
Characteristics and their clinical
relevance of respiratory syncytial virus
types and genotypes circulating in
northern Italy in five consecutive winter
seasons. PLoS One. 2015;10:e0129369.
DOI: 10.1371/journal.pone.0129369

[59] Tabatabai J, Prifert C, Pfeil J,
Grulich-Henn J, Schnitzler P. Novel
respiratory syncytial virus (RSV)
genotype ON1 predominates in
Germany during winter season 2012-
13. PLoS One. 2014;9:€109191. DOI:
10.1371/journal.pone.0109191

[60] Yoshihara K, Le MN, Okamoto M,
Wadagni ACA, Nguyen HA, Toizumi M,
et al. Association of RSV-A ON1
genotype with increased pediatric

acute lower respiratory tract infection
in Vietnam. Scientific Reports. 2016;6.
DOI: 10.1038/srep27856

[61] Boyoglu-Barnum S, Todd SO,
Meng J, Barnum TR, Chirkova T,
Haynes LM, et al. Mutating the CX3C
motif in the G protein should make a
live respiratory syncytial virus vaccine
safer and more effective. Journal of
Virology. 2017;91:€02059-¢02016. DOL:
10.1128/JVI1.02059-16

[62] Currier MG, Lee S, Stobart CC,
Hotard AL, Villenave R, Meng J, et al.
EGFR interacts with the fusion protein
of respiratory syncytial virus strain
2-20 and mediates infection and mucin
expression. PLoS Pathogens. 2016;12.
DOI: 10.1371/journal.ppat.1005622

[63] Hall CB, Powell KR,

MacDonald NE, Gala CL, Menegus ME,
Suffin SC, et al. Respiratory syncytial
viral infection in children with



Disease Severity in Respiratory Syncytial Virus Infection: Role of Viral and Host Factors

DOI: http://dx.doi.org/10.5772/intechopen.88782

compromised immune function. The
New England Journal of Medicine.
1986;315:77-81. DOI: 10.1056/
NEJM198607103150201

[64] Erard V, Chien JW, Kim HW,
Nichols WG, Flowers ME, Martin PJ,

et al. Airflow decline after myeloablative
allogeneic hematopoietic cell
transplantation: The role of community
respiratory viruses. The Journal of
Infectious Diseases. 2006;193:1619-
1625. DOI: 10.1086/504268

[65] Avetisyan G, Mattsson ],

Sparrelid E, Ljungman P. Respiratory
syncytial virus infection in recipients
of allogeneic stem-cell transplantation:
A retrospective study of the incidence,
clinical features, and outcome.
Transplantation. 2009;88:1222-1226.
DOI: 10.1097/TP.0b013e3181bb477e

[66] Khanna N, Widmer AF, Decker M,
Steffen I, Halter J, Heim D, et al.
Respiratory syncytial virus infection in
patients with hematological diseases:
Single-center study and review of

the literature. Clinical Infectious
Diseases: An Official Publication of the
Infectious Diseases Society of America.
2008;46:402-412. DOI: 10.1086/525263

[67] Torres HA, Aguilera EA,

Mattiuzzi GN, CabanillasME, RohatgiN,
Sepulveda CA, et al. Characteristics and
outcome of respiratory syncytial virus
infection in patients with leukemia.
Haematologica. 2007;92:1216-1223

[68] Torres JP, De la MazaV, Kors L,
Villarroel M, Piemonte P, Izquierdo G,
et al. Respiratory viral infections and
coinfections in children with cancer,
fever and neutropenia: Clinical
outcome of infections caused by
different respiratory viruses. The
Pediatric Infectious Disease Journal.
2016;35:949-954. DOI: 10.1097/
INF.0000000000001209

[69] Checchia PA, Paes B, Bont L,
Manzoni P, Simoées EAF, Fauroux B,

17

et al. Defining the risk and associated
morbidity and mortality of severe
respiratory syncytial virus infection
among infants with congenital heart
disease. Infectious Disease and
Therapy. 2017;6:37-56. DOI: 10.1007/
s40121-016-0142-x

[70] Paes B, Fauroux B, Figueras-Aloy J,
Bont L, Checchia PA, Simdes EAF,

et al. Defining the risk and associated
morbidity and mortality of severe
respiratory syncytial virus infection
among infants with chronic lung
disease. Infectious Disease and
Therapy. 2016;5:453-471. DOI: 10.1007/
s40121-016-0137-7

[71] Falsey AR, Hennessey PA,
Formica MA, Cox C, Walsh EE.
Respiratory syncytial virus infection
in elderly and high-risk adults. The
New England Journal of Medicine.
2005;352:1749-1759. DOI: 10.1056/
NEJMoa043951

[72] Langley GFM, Anderson LJ.
Epidemiology and prevention of
respiratory syncytial virus infections
among infants and Young children
[review]. ET Journal. 2011;30:510-517.
DOI: 10.1097/INF.0b013e3182184ae7

[73] Haber N. Respiratory syncytial
virus infection in elderly adults.
Médecine et Maladies Infectieuses.
2018;48:377-382. DOI: 10.1016/j.
medmal.2018.01.008

[74] Martinez FD, Wright AL,
Taussig LM, Holberg CJ, Halonen M,
Morgan W]J. Asthma and wheezing in
the first six years of life. The Group
Health Medical Associates. The

New England Journal of Medicine.
1995;332:133-138. DOI: 10.1056/
NEJM199501193320301

[75] Young S, O’Keeffe PT,

Arnott J, Landau LI. Lung function,
airway responsiveness, and
respiratory symptoms before and after
bronchiolitis. Archives of Disease in



The Burden of Respiratory Syncytial Virus Infection in the Young

Childhood. 1995;72:16-24. DOI: 10.1136/
adc.72.1.16

[76] Zomer-Kooijker K,

Uiterwaal CSPM, van der GAC,
Wilbrink B, Bont LJ, van der

ECK. Decreased lung function precedes
severe respiratory syncytial virus
infection and post-respiratory
syncytial virus wheeze in term

infants. The European Respiratory
Journal. 2014;44:666-674. DOI:
10.1183/09031936.00009314

[77] Janssen R, Bont L, Siezen CLE,
Hodemaekers HM, Ermers M],
Doornbos G, et al. Genetic susceptibility
to respiratory syncytial virus
bronchiolitis is predominantly
associated with innate immune genes.

The Journal of Infectious Diseases.
2007;196:826-834. DOI: 10.1086/520886

[78] Siezen CLE, Bont L,

Hodemaekers HM, Ermers MJ,
Doornbos G, Van't Slot R, et al. Genetic
susceptibility to respiratory syncytial
virus bronchiolitis in preterm children
is associated with airway remodeling
genes and innate immune genes. The
Pediatric Infectious Disease Journal.
2009;28:333-335. DOI: 10.1097/
INF.0b013e31818e2aa9

[79] Chan YK, Gack MU. Viral evasion
of intracellular DNA and RNA sensing.
Nature Reviews. Microbiology.
2016;14:360-373. DOI: 10.1038/
nrmicro.2016.45

[80] Tal G, Mandelberg A,

Dalal I, Cesar K, Somekh E, Tal A,
et al. Association between common
Toll-like receptor 4 mutations and
severe respiratory syncytial virus
disease. The Journal of Infectious
Diseases. 2004;189:2057-2063. DOI:
10.1086/420830

[81] Awomoyi AA, Rallabhandi P,

Pollin T1, Lorenz E, Sztein MB,
Boukhvalova MS, et al. Association of
TLR4 polymorphisms with symptomatic

18

respiratory syncytial virus infection in
high-risk infants and young children.
Journal of Immunology (Baltimore,
MD) (1950). 2007;179:3171-3177. DOI:
10.4049/jimmunol.179.5.3171

[82] Paulus SC, Hirschfeld AF,

Victor RE, Brunstein J, Thomas E,
Turvey SE. Common human Toll-like
receptor 4 polymorphisms--role in
susceptibility to respiratory syncytial
virus infection and functional
immunological relevance. Clinical
Immunology (Orlando, FL).
2007;123:252-257. DOI: 10.1016/j.
clim.2007.03.003

[83] Lofgren J, Marttila R, Renko M,
Ridmet M, Hallman M. Toll-like receptor
4 Asp299Gly polymorphism in
respiratory syncytial virus epidemics.
Pediatric Pulmonology. 2010;45:687-
692. DOI: 10.1002/ppul.21248

[84] Barr FE, Pedigo H, Johnson TR,
Shepherd VL. Surfactant protein-a
enhances uptake of respiratory
syncytial virus by monocytes and

U937 macrophages. American Journal
of Respiratory Cell and Molecular
Biology. 2000;23:586-592. DOI: 10.1165/
ajrcmb.23.5.3771

[85] LeVine AM, Elliott J, Whitsett JA,
Srikiatkhachorn A, Crouch E,

DeSilva N, et al. Surfactant protein-d
enhances phagocytosis and pulmonary
clearance of respiratory syncytial virus.
American Journal of Respiratory Cell
and Molecular Biology. 2004;31:193-199.
DOI: 10.1165/rcmb.2003-01070C

[86] Skelton R, Holland P, Darowski M,
Chetcuti PA, Morgan LW,

Harwood JL. Abnormal surfactant
composition and activity in severe
bronchiolitis. Acta Paediatrica (Oslo,
Norway: 1992). 1999;88:942-946

[87] Kerr MH, Paton JY. Surfactant
protein levels in severe respiratory
syncytial virus infection. American
Journal of Respiratory and Critical Care



Disease Severity in Respiratory Syncytial Virus Infection: Role of Viral and Host Factors

DOI: http://dx.doi.org/10.5772/intechopen.88782

Medicine. 1999;159:1115-1118. DOI:
10.1164/ajrccm.159.4.9709065

[88] Lahti M, Lofgren J, Marttila R,
Renko M, Klaavuniemi T,

Haataja R, et al. Surfactant protein

D gene polymorphism associated

with severe respiratory syncytial

virus infection. Pediatric

Research. 2002;51:696. DOI:
10.1203/00006450-200206000-00006

[89] Saleeby CME, Li R, Somes GW,
Dahmer MK, Quasney MW,
DeVincenzo JP. Surfactant protein A2
polymorphisms and disease severity in
arespiratory syncytial virus-infected
population. The Journal of Pediatrics.
2010;156:409-414. e4. DOI: 10.1016/j.
jpeds.2009.09.043

[90] Villenave R, Thavagnanam S,
Sarlang S, Parker ], Douglas I,
Skibinski G, et al. In vitro modeling of
respiratory syncytial virus infection
of pediatric bronchial epithelium, the
primary target of infection in vivo.
Proceedings of the National Academy
of Sciences of the United States of
America. 2012;109:5040-5045. DOI:
10.1073/pnas.1110203109

[91] Oshansky CM, Barber JP, Crabtree ],
Tripp RA. Respiratory syncytial virus

F and G proteins induce interleukin
lalpha, CC, and CXC chemokine
responses by normal human
bronchoepithelial cells. The Journal of
Infectious Diseases. 2010;201:1201-1207.
DOI: 10.1086/651431

[92] Bueno SM, Gonzalez PA,

Pacheco R, Leiva ED, Cautivo KM,
Tobar HE, et al. Host immunity during
RSV pathogenesis. International
Immunopharmacology. 2008;8:1320-
1329. DOI: 10.1016/j.intimp.2008.03.012

[93] Jaovisidha P, Peeples ME, Brees AA,
Carpenter LR, Moy JN. Respiratory
syncytial virus stimulates neutrophil
degranulation and chemokine release.

Journal of immunology (Baltimore,
MD) 1950. 1999;163:2816-2820

19

[94] Becker S, Quay J, Soukup J.
Cytokine (tumor necrosis factor, IL-6,
and IL-8) production by respiratory
syncytial virus-infected human
alveolar macrophages. Journal of
immunology (Baltimore, MD) 1950.
1991;147:4307-4312

[95] Sheeran P, Jafri H, Carubelli C,
Saavedra J, Johnson C, Krisher K, et al.
Elevated cytokine concentrations in the
nasopharyngeal and tracheal secretions
of children with respiratory syncytial
virus disease. The Pediatric Infectious
Disease Journal. 1999;18:115-122

[96] Bermejo-Martin JF,
Garcia-Arevalo MC, De Lejarazu RO,
Ardura], Eiros JM, Alonso A, et al.
Predominance of Th2 cytokines, CXC
chemokines and innate immunity
mediators at the mucosal level during
severe respiratory syncytial virus
infection in children. European
Cytokine Network. 2007;18:162-167.
DOI: 10.1684/ecn.2007.0096

[97] Garcia C, Soriano-Fallas A,
Lozano ], Leos NB, Gomez AM,
Ramilo O, et al. Decreased innate
immune cytokine responses correlate
with disease severity in children
with respiratory syncytial virus and
human rhinovirus bronchiolitis. ET
Journal. 2012;31:86-89. DOI: 10.1097/
INF.0b013e31822dc8c1

[98] Diaz PV, Valdivia G, Gaggero AA,
Bono MR, Zepeda G, Rivas M, et al.
Pro-inflammatory cytokines in
nasopharyngeal aspirate from
hospitalized children with respiratory
syncytial virus infection with or
without rhinovirus bronchiolitis, and
use of the cytokines as predictors of
illness severity. Medicine (Baltimore).
2015;94:e1512. DOI: 10.1097/
MD.0000000000001512

[99] Garofalo RP, Olszewska-Pazdrak B,
Ogra PL, Welliver RC. Beta-
chemokines in nasal secretions of
infants with respiratory syncytial



The Burden of Respiratory Syncytial Virus Infection in the Young

virus-induced respiratory infections.
Pediatric Asthma, Allergy and
Immunology. 2001;15:89-96. DOI:
10.1089/088318701753436880

[100] Walsh EE, Peterson DR,
Kalkanoglu AE, Lee FE-H, Falsey AR.
Viral shedding and immune responses
to respiratory syncytial virus infection
in older adults. The Journal of Infectious
Diseases. 2013;207:1424-1432. DOI:
10.1093/infdis/jit038

[101] Hornsleth A, Loland L,

Larsen LB. Cytokines and chemokines
in respiratory secretion and severity

of disease in infants with respiratory
syncytial virus (RSV) infection. Journal
of Clinical Virology: The Official
Publication of the Pan American Society
for Clinical Virology. 2001;21:163-170

[102] Tian M, Liu F, Wen G, Shi S,

Chen R, Zhao D. Effect of variation in
RANTES promoter on serum RANTES
levels and risk of recurrent wheezing
after RSV bronchiolitis in children from
Han, Southern China. European Journal
of Pediatrics. 2009;168:963-967. DOI:
10.1007/s00431-008-0870-3

[103] Hattori S, Shimojo N,

Mashimo T, Inoue Y, Ono Y, KohnoY,
et al. Relationship between RANTES
polymorphisms and respiratory
syncytial virus bronchiolitis in a
Japanese infant population. Japanese
Journal of Infectious Diseases.
2011;64:242-245

[104] Sigurs N, Bjarnason R,
Sigurbergsson F. Eosinophil cationic
protein in nasal secretion and in serum
and myeloperoxidase in serum in
respiratory syncytial virus bronchiolitis:
Relation to asthma and atopy. Acta
Paediatrica (Oslo, Norway: 1992).
1994;83:1151-1155

[105] Kim HH, Lee MH, Lee]S.
Eosinophil cationic protein and
chemokines in nasopharyngeal
secretions of infants with respiratory

20

syncytial virus (RSV) bronchiolitis
and non-RSV bronchiolitis. Journal of
Korean Medical Science. 2007;22:37-42.
DOI: 10.3346/jkms.2007.22.1.37

[106] Garofalo R, Dorris A,

Ahlstedt S, Welliver RC. Peripheral
blood eosinophil counts and eosinophil
cationic protein content of respiratory
secretions in bronchiolitis: Relationship
to severity of disease. Pediatric

Allergy and Immunology: The Official
Publication of the European Society

of Pediatric Allergy and Immunology.
1994;5:111-117

[107] Brandenburg AH, Groen ],

van Steensel-Moll HA, Claas EC,
Rothbarth PH, Neijens HJ, et al.
Respiratory syncytial virus specific
serum antibodies in infants under six
months of age: Limited serological

response upon infection. Journal of
Medical Virology. 1997;52:97-104

[108] Kasel JA, Walsh EE, Frank AL,
BaxterBD, Taber LH, Glezen WP. Relation
of serum antibody to glycoproteins

of respiratory syncytial virus with
immunity to infection in children. Viral
Immunology. 1987;1:199-205. DOI:
10.1089/vim.1987.1.199

[109] Nishimura T, Suzue J, Kaji H.
Breastfeeding reduces the severity of
respiratory syncytial virus infection
among young infants: A multi-
center prospective study. Pediatrics
International (Pediatr Int): Official
English Journal of the Japan Pediatric
Society. 2009;51:812-816. DOI:
10.1111/j.1442-200X.2009.02877.x

[110] Watt PJ, Zardis M,

Lambden PR. Age related IgG subclass
response to respiratory syncytial virus
fusion protein in infected infants.

Clinical and Experimental Immunology.
1986;64:503-509

[111] Wagner DK, Nelson DL, Walsh EE,
Reimer CB, Henderson FW, Murphy BR.
Differential immunoglobulin G subclass



Disease Severity in Respiratory Syncytial Virus Infection: Role of Viral and Host Factors

DOI: http://dx.doi.org/10.5772/intechopen.88782

antibody titers to respiratory syncytial
virus F and G glycoproteins in adults.
Journal of Clinical Microbiology.
1987;25:748-750

[112] Murphy BR, Graham BS,

Prince GA, Walsh EE, Chanock RM,
Karzon DT, et al. Serum and nasal-wash
immunoglobulin G and A antibody
response of infants and children to
respiratory syncytial virus F and

G glycoproteins following primary
infection. Journal of Clinical
Microbiology. 1986;23:1009-1014

[113] Murphy BR, Alling DW,

Snyder MH, Walsh EE, Prince GA,
Chanock RM, et al. Effect of age and
preexisting antibody on serum antibody
response of infants and children to

the F and G glycoproteins during
respiratory syncytial virus infection.
Journal of Clinical Microbiology.
1986;24:894-898

[114] Graham BS, Bunton LA, Wright PF,
Karzon DT. Reinfection of mice with
respiratory syncytial virus. Journal of
Medical Virology. 1991;34:7-13

[115] Walsh EE, Wang L, Falsey AR,

Qiu X, Corbett A, Holden-Wiltse J,

et al. Virus-specific antibody, viral

load, and disease severity in respiratory
syncytial virus infection. The Journal of
Infectious Diseases. 2018;218:208-217.
DOI: 10.1093/infdis/jiy106

[116] Forbes ML, Kumar VR, Yogev R,
Wu X, Robbie GJ, Ambrose CS. Serum
palivizumab level is associated with
decreased severity of respiratory
syncytial virus disease in high-

risk infants. Human Vaccines and
Immunotherapeutics. 2014;10:2789-
2794. DOI: 10.4161/hv.29635

[117] Hemming VG, Prince GA,
Groothuis JR, Siber GR. Hyperimmune
globulins in prevention and treatment
of respiratory syncytial virus infections.
Clinical Microbiology Reviews.

1995;8:22-33

21

[118] Fishaut M, Tubergen D,

McIntosh K. Cellular response to
respiratory viruses with particular
reference to children with disorders of
cell-mediated immunity. The Journal of
Pediatrics. 1980;96:179-186

[119] Cannon M], Stott EJ, Taylor G,
Askonas BA. Clearance of persistent
respiratory syncytial virus infections
in immunodeficient mice following

transfer of primed T cells. Immunology.
1987;62:133-138

[120] Cannon M], Openshaw PJ,
Askonas BA. Cytotoxic T cells clear
virus but augment lung pathology in
mice infected with respiratory syncytial
virus. The Journal of Experimental
Medicine. 1988;168:1163-1168. DOI:
10.1084/jem.168.3.1163

[121] Heidema J, Lukens MV, van
MWWC, van DMEA, Otten HG,

van VAJ, et al. CD8" T cell responses

in Bronchoalveolar lavage fluid and
peripheral blood mononuclear cells of
infants with severe primary respiratory
syncytial virus infections. Journal of
Immunology. 2007;179:8410-8417. DOI:
10.4049/jimmunol.179.12.8410

[122] Jozwik A, Habibi MS, Paras A,

Zhu ], Guvenel A, Dhariwal ], et al. RSV-
specific airway resident memory CD8"
T cells and differential disease severity
after experimental human infection.
Nature Communications. 2015;6:10224.
DOI: 10.1038/ncomms10224

[123] Kidd P. Th1/Th2 balance: The
hypothesis, its limitations, and
implications for health and disease.
Alternative Medicine Review: A

Journal of Clinical Therapeutics.
2003;8:223-246

[124] Reithinger R, Dujardin J-C,
Louzir H, Pirmez C, Alexander B,
Brooker S. Cutaneous leishmaniasis.
The Lancet Infectious Diseases.
2007;7:581-596. DOI: 10.1016/
S$1473-3099(07)70209-8



The Burden of Respiratory Syncytial Virus Infection in the Young

[125] Burke ML, Jones MK, Gobert GN,
LiYS, Ellis MK, McManus DP.
Immunopathogenesis of human
schistosomiasis. Parasite

Immunology. 2009;31:163-176. DOI:
10.1111/j.1365-3024.2009.01098.x

[126] Everard ML, Swarbrick A,
Wrightham M, McIntyre J,

Dunkley C, James PD, et al. Analysis
of cells obtained by bronchial lavage
of infants with respiratory syncytial
virus infection. Archives of Disease
in Childhood. 1994;71:428-432. DOI:
10.1136/adc.71.5.428

[127] Alwan WH, Openshaw PJ. Distinct
patterns of T- and B-cell immunity to
respiratory syncytial virus induced

by individual viral proteins. Vaccine.
1993;11:431-437

[128] Alwan WH, Kozlowska W],
Openshaw PJ. Distinct types of lung
disease caused by functional subsets

of antiviral T cells. The Journal of
Experimental Medicine. 1994;179:81-89.
DOI: 10.1084/jem.179.1.81

[129] Stack AM, Malley R, Saladino RA,
Montana JB, MacDonald KL,

Molrine DC. Primary respiratory
syncytial virus infection: Pathology,
immune response, and evaluation of
vaccine challenge strains in a new mouse
model. Vaccine. 2000;18:1412-1418

[130] Fernandez JA, Tapia L,

Palomino MA, Larrafiaga C, Pefia M,
Jaramillo H. Plasma interferon-gamma,
interleukin-10 and soluble markers

of immune activation in infants with
primary adenovirus (ADV) and
respiratory syncytial virus (RSV)
infection. European Cytokine Network.
2005;16:35-40

[131] Semple MG, Dankert HM,
Ebrahimi B, Correia JB, Booth JA,
Stewart JP, et al. Severe respiratory
syncytial virus bronchiolitis in infants
is associated with reduced airway
interferon gamma and substance

22

P. PLoS One. 2007;2:€1038. DOI:
10.1371/journal.pone.0001038

[132] Ye Q, Shao W-X, Shang

S-Q, Pan Y-X, Shen H-Q, Chen

X-J. Epidemiological characteristics

and immune status of children with
respiratory syncytial virus. Journal of
Medical Virology. 2015;87:323-329. DOL:
10.1002/jmv.24047

[133] Pinto RA, Arredondo SM,

Bono MR, Gaggero AA. Diaz PV. T
helper 1/T helper 2 cytokine imbalance
in respiratory syncytial virus

infection is associated with increased
endogenous plasma cortisol. Pediatrics.
2006;117:e878-e886. DOI: 10.1542/
peds.2005-2119

[134] Bont L, Heijnen CJ, Kavelaars A,
van Aalderen WM, Brus F, Draaisma JM,
et al. Local interferon-gamma levels
during respiratory syncytial virus lower
respiratory tract infection are associated
with disease severity. The Journal of
Infectious Diseases. 2001;184:355-358.
DOI: 10.1086/322035

[135] Midulla F, TrombaV, Lo Russo L,
Mileto F, Sabatino G, Sgarrella M, et al.
Cytokines in the nasal washes of
children with respiratory syncytial virus
bronchiolitis. International Journal of
Immunopathology and Pharmacology.
2006;19:231-235

[136] Alonso Fernandez J,

Roine I, Vasquez A, Caneo M. Soluble
interleukin-2 receptor (sCD25) and
interleukin-10 plasma concentrations
are associated with severity of primary
respiratory syncytial virus (RSV)
infection. European Cytokine Network.
2005;16:81-90

[137] Vieira RA, Diniz EM de A,

Ceccon MEJR. Correlation between
inflammatory mediators in the
nasopharyngeal secretion and in the
serum of children with lower respiratory
tract infection caused by respiratory
syncytial virus and disease severity.



Disease Severity in Respiratory Syncytial Virus Infection: Role of Viral and Host Factors
DOI: http://dx.doi.org/10.5772/intechopen.88782

O Jornal Brasileiro de Pneumologia

é publicagdo oficial da Sociedade
Brasileira de Pneumologia e Tisiologia.
2010;36:59-66

[138] Hassan MA, Eldin AME.
Ahmed MM. T-helper2/T-helperl
imbalance in respiratory syncytial
virus bronchiolitis in relation to
disease severity and outcome. The

Egyptian Journal of Immunology.
2008;15:153-160

[139] Caballero MT, Serra ME,

Acosta PL, Marzec ], Gibbons L,

Salim M, et al. TLR4 genotype and
environmental LPS mediate RSV
bronchiolitis through Th2 polarization.
The Journal of Clinical Investigation.
2015;125:571-582. DOI: 10.1172/
JCI75183

[140] Shalev I, Schmelzle M, Robson SC,
Levy G. Making sense of regulatory T
cell suppressive function. Seminars in
Immunology. 2011;23:282-292. DOL:
10.1016/j.smim.2011.04.003

[141] Fulton RB, Meyerholz DK,

Varga SM. Foxp3" CD4 regulatory T
cells limit pulmonary immunopathology
by modulating the CD8 T cell response
during respiratory syncytial virus
infection. Journal of Immunology
(Baltimore, MD) (1950). 2010;185:2382-
2392. DOI: 10.4049/jimmunol. 1000423

[142] Raiden S, Pandolfi J,

Payaslian F, Anderson M, Rivarola N,
Ferrero F, et al. Depletion of circulating
regulatory T cells during severe
respiratory syncytial virus infection in
Young children. American Journal of
Respiratory and Critical Care Medicine.
2014;189:865-868. DOI: 10.1164/
rccm.201311-1977LE

[143] Paramore LC, CiurylaV,

Ciesla G, Liu L. Economic impact of
respiratory syncytial virus-related
illness in the US. PharmacoEconomics.
2004;22:275-284. DOL:
10.2165/00019053-200422050-00001

23



