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Asthma and respiratory syncytial virus.
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INTRODUCTION

Asthma is the most frequent chronic illness in childho-

od. Approximately 5 million children have asthma in the

United States, and more than 155 million individuals are

affected worldwide1. Asthma is a complex and heteroge-

neous disease; genetic and environmental factors influen-

ce its clinical expression and progression, which is cha-

racterized by bronchial obstruction, airway inflammation

and recurrent airway hyperresponsiveness (AHR).

Respiratory syncytial virus (RSV) is an RNA virus be-

longing to the Pneumovirus genus of the Paramyxoviri-

dae family. It is an enveloped, single-stranded, negati-

ve-sense RNA virus that encodes 11 proteins with

different molecular weights2. Only two are non-structural

proteins (NS1, NS2) and are therefore present in infected

cells only and not in the virions. Among the structural

proteins, the surface glycoproteins, G and F, are the most

interesting from the immunological point of view. These

glycoproteins play a role in adhesion and fusion, respec-

tively, and are responsible for maintaining viral cell-to-cell

replication. They represent the major antigenic determi-

nants of the virus, inducing the production of neutralizing

antibodies. Antigenic differences in the G protein, as well

as in the F, N and P proteins, give rise to two types of

RSV: A and B3,4.

EPIDEMIOLOGY

RSV was discovered in 1956 when a group of chimpan-

zees was noted to have cold-like symptoms5. The virus

was isolated for the first time in infants with bronchiolitis

in 1957, and in 1975 it was named “respiratory syncytial

virus” because of its ability to form syncytia in in vitro cell

cultures

RSV is currently the leading viral pathogen associated

with bronchiolitis and lower respiratory tract disease re-

quiring hospitalization in infants and young children

worldwide6. Moreover, RSV is a major cause of severe

respiratory illness not only in the elderly or immunocom-

promised individuals7,8 but also in previously healthy

adults9,10. In the United States, RSV is responsible for

more than 150,000 hospitalizations per year and the inci-

dence is increasing11,12.

In addition to the acute morbidity caused by RSV, nu-

merous studies over the past 40 years have described a

strong association between RSV infection in infancy and

the subsequent development of recurrent wheezing and

AHR later in life13-17. Rooney et al16 followed-up 62 in-

fants with a diagnosis of RSV bronchiolitis until they were

7 years old. Fifty-seven percent of the patients subse-

quently developed recurrent wheezing and 71% of these

infants had a familial history of asthma. Thirty-eight per-

cent of the patients experienced no further wheezing epi-

sodes and only 18% had a family history of asthma. The-

se initial findings have been confirmed over the years and

recent evidence demonstrates a strong association betwe-

en RSV and AHR not only in infants with severe bron-

chiolitis requiring hospitalization14, but also in children

with RSV lower respiratory tract infection (LRTI) who did
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not require hospitalization and who were followed-up as

outpatients18. Most studies, regardless of their design (in-

patients vs outpatients, prospective vs retrospective), re-

ach a similar conclusion: RSV LRTI in infancy is signifi-

cantly associated with an increased risk of recurrent

wheezing in up to 71 % of patients and is accompanied

by long-term alterations in pulmonary function tests. Both

forced expiratory volume in 1 second (FEV1) and forced

expiratory flow at 25-75 % of forced vital capacity

(FEF25-75 %/FVC) are lower in school-aged children who

had symptomatic RSV LRTI during infancy than in those

in control groups13,14,18-21.

RSV is able to trigger acute exacerbations in adults with

chronic bronchitis and recurrent episodes of wheezing in

infancy14,18,22. Hall et al10 prospectively studied 10 pre-

viously healthy adults with a mean age of 30 years who

developed an acute respiratory illness while working in

an infant’s ward during a community outbreak of RSV in-

fection. All the subjects, in addition to developing upper

respiratory tract symptoms (fever, pronounced cough, na-

sal congestion, rhinorrhea and/or hoarseness) in the acu-

te phase of the disease, also developed altered airway

reactivity characterized by exaggerated responses of pul-

monary resistance to carbachol challenge that persisted

through the first 8 weeks of evaluation, when signs or

symptoms of the acute disease were no longer present.

CAUSATION OR ASSOCIATION?
Because most studies describing the association bet-

ween RSV and AHR are observational, it is still unclear

whether RSV infection alone causes the development of

pulmonary sequelae or whether the combination of pre-

disposing factors coupled with RSV infection early in life

contributes to respiratory sequelae and AHR in later child-

hood23,24. Does severe RSV infection during infancy cau-

se the differences in pulmonary function observed later in

life? Or do inherent abnormalities of the host, such as

different polymorphisms of the interleukin (IL)-8 promo-

ter gene, or in the surfactant protein A gene, combined

with RSV infection at certain developmental stages of life,

alter the susceptibility of the host to asthma as evidenced

by changes produced in lung physiology after this infec-

tion25,26? Well known risk factors for developing RSV-as-

sociated AHR include maternal smoking, infants with

smaller-than-normal airways, or infants with a familial his-

tory of asthma or atopy27,28. However, most children with

RSV bronchiolitis who develop recurrent wheezing and

AHR do not have clear predisposing risk factors.

RSV infection ———→ Abnormal pulmonary function
or000 000000

Airway hyperreactivity

Atopy Abnormal pulmonary function

Small airways

+ RVS
———→

PATHOGENESIS

The pathogenesis of RSV-induced pulmonary inflam-

mation is complex. The clinical manifestations of RSV

bronchiolitis result not only from the direct cytopathic ef-

fect of the virus on the respiratory epithelial cells but also

from the host inflammatory response, innate and adaptive

immunity, and the distinct neurogenic mechanisms in-

volved such as substance P and neurokinin. A number of

mechanisms have been proposed to explain the associa-

tion of RSV infection early in life with subsequent AHR

but the specific mechanism and cell types involved in

the long-term sequelae of RSV infection remain to be elu-

cidated. These mechanisms include:

1. Neuropeptides and increased expression of specific

receptors (substance P and neurokinin 1 [NK1]), which

not only provoke AHR but also act as pro-inflammatory

molecules, attracting leukocytes into the airways and acti-

vating them29,30.

2. Prostaglandins, leukotrienes and other cellular meta-

bolites.

3. Activation of mast cells, eosinophils and IgE, reflec-

ting a persistent shift toward a Th2 cellular response31.

Most children produce RSV-specific IgE responses during

their first episode of RSV bronchiolitis. However, it is the

amount, the persistence and duration of this response

that is critical in determining which patients will develop

recurrent wheezing and/or asthma31.

4. Release of immunomodulatory and pro-inflamma-

tory cytokines such as IL-4, IL-6, RANTES (regulated on

activation normal T-cell expressed and secreted), macrop-

hage inflammatory protein 1� (MIP-1�), IL-8 and tumor

necrosis factor-� (TNF-�) that recruit different cells to

the respiratory tract32.

The immune response to RSV: an unfavorable
balance

The immune response to primary RSV infection is ge-

nerally inefficient and consequently subsequent reinfec-

tions are common throughout life. During reinfections a

significant booster effect of mainly IgG and IgA with sus-

tained immunologic reactivity is observed in serum and

respiratory mucosa. The virus does not normally replicate

outside the respiratory tract and the infection is restricted

to the respiratory mucosa. However, the development of

viremia and extrapulmonary disease has been observed

in certain T and B cell immunodeficiency states33-35.

Under normal circumstances the immune system is

composed of two interrelated and extremely well balan-

ced parts, the innate and adaptive immune responses.

The innate immune response provides the first line of

defense against infection and is capable of immediately

recognizing and responding to microbial invasion via

nonspecific mediators. The adaptive, or specific response,

in addition to recognition and elimination of the patho-
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gen, is characterized by the property of antigenic me-

mory, which induces the generation of specific memory

cells. In RSV infection, innate and adaptive immunity are

out of balance. The innate immune response generates

pro-inflammatory molecules and recruits neutrophils, eo-

sinophils and monocytes to the site of infection. The

adaptive immune response is characterized by an exag-

gerated CD8+ cellular immune response and CD4+ lymp-

hocyte production of Th1/Th2 cytokines. Together all

these factors lead to lung inflammation, bronchiolitis and

the development of recurrent wheezing.

Innate Immunity (cytokines and chemokines)
As a rule, primary infections are symptomatic. Betwe-

en 30 and 70 % of children with primary RVS infection

develop bronchiolitis or pneumonia. A leading hypothe-

sis is that cell-mediated immune responses with imba-

lanced production of Th1 vs Th2 cytokines and chemo-

kines is correlated with disease severity, although data

published in the literature are contradictory, probably

because of factors related to differences in study design.

Th1 cytokines, such as interferon-� (IFN-�), IL-12 and

IL-18, promote a cell-mediated immune response and

are required for effective responses to intracellular pat-

hogens including viruses. Th2 lymphocytes release IL-4,

IL-5, IL-13 and IL-9, cytokines that mediate allergic in-

flammation.

Initial reports suggested that the IL-4/IFN-� ratio pro-

duced by peripheral blood mononuclear cells (PBMC)

from children hospitalized for RSV bronchiolitis was hig-

her than that of children with less severe forms of the di-

sease36. Subsequently, infants with severe bronchiolitis

were observed to have a more balanced Th1-Th2 res-

ponse, similar to that observed in infants with upper res-

piratory tract infection (URTI) alone, while infants with

mild bronchiolitis seemed to have a predominantly Th1

response37. Recently, in a cohort of children with at least

one familial antecedent of atopy who were prospectively

followed-up from birth, the immune response to natural

infection with RSV was studied in vivo. In this selected

cohort, samples of nasal washings were obtained in the

first 2 days after identifying RSV infection, as well as at

days 5 and 7. The patients were subdivided in two groups

according to severity: bronchiolitis vs. URTI. The IL-4/IFN-�

ratio was significantly higher in the nasopharyngeal sam-

ples from infants with RSV bronchiolitis (p < 0.01) com-

pared with that in the group with URTI. Concentrations of

IFN-� and IL-18 in PBMC were significantly lower in the

group of patients with bronchiolitis, regardless of age38.

The chemokines RANTES, monocyte chemotactic pro-

tein-1 (MCP-1), eotaxin and macrophage inflammatory

protein-1� (MIP-1�) have been related to the pathogene-

sis of RSV infection. Recently MIP-1� concentrations have

been directly correlated with the degree of hypoxia in in-

fants hospitalized with severe RSV bronchiolitis. MIP-1� sti-

mulates B-cell production of IgE, recruiting basophiles and

eosinophils into the airways. Additional support for a pat-

hogenic role of MIP-1� in RSV infection is provided by stu-

dies using a murine model. Mice with a targeted gene de-

letion for MIP-1� have decreased inflammatory response in

the lung after RSV infection39,40. Other chemokines, such as

MCP-1 and RANTES, have also been related to RSV infec-

tion and are found in greater concentrations in severe

bronchiolitis.

The mechanisms through which infants with RSV bron-

chiolitis develop recurrent wheezing later in life remain to

be elucidated. There is mounting evidence in experimen-

tal models that RSV may persist “latently” in immunologi-

cally privileged sites within the lung, avoiding immune

detection and elimination. These findings have led some

investigators to propose that the long-term effects obser-

ved after RSV infection may be partly explained by the

persistence of the RSV in the respiratory tract. Hence, RSV

would maintain a constant stimulation of the immune sys-

tem, which could be responsible for chronic lung inflam-

mation and the different pattern of IFN, cytokine and che-

mokine responses observed in children with RSV-induced

AHR. This latent virus could also be an important source

of new community outbreaks41.

Cubie et al42 detected RSV by in situ hybridization in ar-

chival lung tissue from infants who died from sudden in-

fant death syndrome. RSV was found not only when de-

ath had occurred during the winter, when the infection is

more prevalent, but also in some infants who died in the

summer months, suggesting the persistence of RSV in the

lungs of these infants42. Another study was recently con-

ducted in the UK in patients with chronic obstructive pul-

monary disease (COPD) to determine the effects of res-

piratory virus infections on the time course of COPD

exacerbations. Surprisingly, this study found that RSV

RNA detected by polymerase chain reaction (PCR) in na-

sopharyngeal aspirates was more frequently isolated in

patients with COPD and stable disease than in those with

exacerbations (24% vs 14.2%) in whom, moreover, hig-

her titers of the virus were not detected, probably reflec-

ting a low level of replication. What is even more inte-

resting is that the group of COPD patients with positive

viral detection when stable were more likely to have gre-

ater concentrations of plasma fibrinogen and IL-6 and an

increased frequency of exacerbations than those in whom

the virus was not detected43. Recently, the use of PCR in

the murine model has demonstrated the persistence of

the virus in the lungs of RSV infected mice for up to

100 days after intranasal inoculation. No RSV RNA was

isolated in other sites (lymphoid tissue, brain, spleen or

bone marrow)41. The intracellular location of the virus

may partly explain the mechanisms through which RSV

avoids the humoral immune response, since intracellular

virus is not accessible to circulating immunoglobulin and

would not be neutralized41.
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The mechanisms through which RSV avoids the cellular

immune response are not completely understood. Could

RSV persist latently in immunologically privileged sites

such as neurons or special antigen presenting cells, whe-

re restricted expression of viral genes and low expression

of major histocompatibility complex class I molecules

prevents effective presentation of viral particles? Experi-

mental data has shown that in vitro RSV infection of hu-

man cord blood-derived macrophages and dendritic cells

induces the production of IL-10. These findings raise the

possibility that RSV may be able to redirect the quality of

antigen presentation, possibly resulting in anergy or

apoptosis of RSV-specific cytotoxic T cells and even in

some degree of RSV tolerance.

NEW THERAPEUTIC INTERVENTIONS

Several studies have suggested that RSV viral load in

the respiratory tract correlates with disease severity44-46.

However, as the disease progresses, it is mainly the im-

mune response, rather than viral replication, that is res-

ponsible for the clinical manifestations and disease seve-

rity. Numerous studies have investigated whether the

initial treatment of RSV bronchiolitis could modify or have

an impact on the long-term consequences of RSV infec-

tion in the respiratory tract. In some studies, but not all,

ribavirin administered early in the course of the illness de-

creased episodes of wheezing after RSV infection47-48.

Data on the use of systemic or inhaled steroids in RSV

infection are contradictory. In children intubated for se-

vere RSV bronchiolitis, we previously demonstrated that

the administration of systemic steroids did not modify

the acute course of the disease and had no impact on

the inflammatory parameters measured (leukocyte counts

in nasal or tracheal aspirates and concentrations of cyto-

kines and chemokines) or on clinical outcomes defined

as a total days of mechanical ventilation, days of intensi-

ve care unit admission and total hospitalization days. Mo-

reover, at 48 hours of therapy there was a significantly

faster decline of RSV load in the placebo-treated group

than in the dexamethasone-treated group (p < 0.05)44.

A recent pilot study evaluated the long-term effects of

the prophylactic administration of intravenous RSV im-

munoglobulin (RSV-IVIG). Thirteen children with bron-

chopulmonary dysplasia who received monthly pro-

phylactic RSV-IVIG during the winter and 26 controls

matched for gestational age and risk factors who did not

receive RSV-IGIV were included. The frequency of lower

respiratory tract RSV infection was lower in the group that

had been treated prophylactically (6/13) than in the con-

trols (21/26) (p < 0.001). Pulmonary function test

(FEV1/FVC) (p < 0.02) as well as the incidence of atopy

(p < 0.04), missed school days (p = 0.006) and asthma at-

tacks (p = 0.03) were significantly lower in children who

had received RSV-IVIG than in controls. These results

suggest that prophylaxis of RSV infections in infancy may

have long-term effects on the respiratory and immunolo-

gic parameters related to the development of asthma49.

No data are available yet on the long-term effects of pali-

vizumab on respiratory parameters and asthma/AHR pre-

valence in high-risk infants who received palivizumab

monthly as prophylaxis, although one study is underway

(protocol W00-353)50.

During RSV bronchiolitis, cysteinyl-leukotrienes are re-

leased. These potent pro-inflammatory molecules are

known to increase the permeability of the respiratory mu-

cosa, favoring the production of edema and broncho-

constriction, as well as the development of AHR. Several

studies with leukotriene-antagonists have been perfor-

med both in human and animal models, with contrasting

results51,52. The only study conducted in humans was ca-

rried out in infants hospitalized with RSV bronchiolitis

with a mean age of 9 months at diagnosis. Sixty-one pa-

tients vs 55 controls received 5 mg daily of montelukast, a

cysteinyl-leukotriene receptor antagonist for 28 days, star-

ting from days 3 to 7 of hospitalization. The effects of

montelukast began to be evident after 2 weeks of the-

rapy. A greater number of infants treated with montelu-

kast were free of symptoms after the acute episode of

bronchiolitis compared with infants receiving placebo

(6/28 vs 1/28, p = 0.015). Daytime cough was significantly

reduced while on treatment and exacerbations were sig-

nificantly delayed by montelukast (23 days) compared

with placebo (8 days). During follow-up starting 4 weeks

after finishing the intervention there were no significant

differences between treatment groups in any of the out-

comes51.

LESSONS FROM THE ANIMAL MODEL

To examine the immunopathogenesis of RSV infection

in both the acute and chronic phases of the disease, we

established a mouse model in our laboratory, which allo-

wed us to study the dynamics of RSV replication in a

more controlled setting. This model enabled us to quan-

titate the viral load and inflammatory mediators in the lo-

wer respiratory tract and to evaluate the impact of these

inflammatory changes on pulmonary function. These

analyses were based on:

1. A standardized scoring system (histopathologic sco-

re [HPS]) to evaluate the lung inflammatory changes in

the acute and chronic phases of the disease and to as-

sess mucus the overproduction in the airway.

2. Whole-body plethysmography to measure both ba-

sal airway obstruction (bronchiolitis phase) and airway

obstruction after methacholine challenge (asthma phase)

to determine AHR as defined by a calculated, dimension-

less value, called enhanced pause (Penh), which reflects

the degree of airway resistance.
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Using this model, we demonstrated that RSV induces a

significant inflammatory response in the lungs, which

continues to worsen and progresses into a chronic phase

characterized by AHR and persistent airway inflamma-

tion53 when the virus is no longer detectable by cell cul-

ture40. Compared with infection-free control mice, the

lungs from mice inoculated with live RSV continued to

demonstrate persistent airway inflammation for up to

154 days after inoculation (fig. 1). Perhaps even more

importantly, these histological changes were accompa-

nied by functional changes in pulmonary function para-

meters.

To determine whether the possible persistence of RSV

in the lower respiratory tract contributes to the develop-

ment of the long-term histopathologic and functional

changes observed after RSV infection, we measured RSV

loads by real time RT-PCR in lung specimens from mice

inoculated with RSV during both the acute (days 1 to 5)

and chronic phases of the disease (days 12 to 42). In con-

trast to viral cultures, which were consistently negative af-

ter the first week post-inoculation, RSV RT-PCR remai-

ned positive in infected mice for up to 6 weeks after

inoculation. Moreover, the RSV RNA copy number was

significantly correlated with AHR (r = 0.83, p < 0.001)54.

During the acute phase (bronchiolitis/pneumonia pha-

se), the histopathologic changes included a dense peri-

vascular and peribronchial/peribronchiolar inflammatory

infiltrate composed of mononuclear cells and scattered

neutrophils. At its peak (days 4 to 7), this inflammatory

infiltrate extended into surrounding alveolar septa in a

stellate manner with patchy involvement of the pa-

renchyma and abundant macrophages, occasional lymp-

hocytes and neutrophils in alveolar spaces. No intralumi-

nal exudates were identified in the airways. In the chro-

nic phase (asthma phase), no involvement of alveolar

septa or air spaces was observed. Occasional hemoside-

rin-laden macrophages were also seen in this phase, but

no neutrophils or eosinophils. With time (days 21 to 154),

the inflammatory infiltrates changed from circumferential

to partial involvement around vessels or airways, and the-

re was a tendency for involvement of the larger central

vessels and airways, rather than the smaller peripheral

broncho-vascular bundles. Control mice evaluated at dif-

ferent time-points demonstrated only rare small lymp-

hocytic infiltrates involving only a small portion of the cir-

cumference of central vessels or airways. Concerning

mucus production, in the acute phase (day 5) infected

mice had increased PAS-positive cells in central and pe-

ripheral airways, compared with controls, and these cells

showed a greater degree of hypertrophy. On approxima-

tely day 14, there continued to be more mucus producing

cells in the central airways of infected mice than in con-

trols. No PAS-positive cells were seen in peripheral air-

ways on day 14. These results clearly demonstrate the

presence of abnormal chronic inflammatory changes and

mucus overproduction, which probably contributes signi-

ficantly to the long-term airway disease induced by RSV

infection in both the acute and chronic phases of the di-

sease40.

To determine the effect of decreasing RSV replication

on disease severity, distinct groups of mice were treated

with palivizumab, a neutralizing anti-RSV monoclonal

antibody against the F protein55, recently approved in

the US and Europe for the prevention of severe RSV in-
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Figure 1. Airway hyperrespon-
siveness (AHR) (chronic phase).
After the initial phase of acute
bronchial obstruction, which
resolves in 14 days, AHR was
evaluated after inhalation of
methacholine, a nonspecific
airway irritant. The changes
produced after methacholine
inhalation, shown as an incre-
ase in Penh (bars), began to be
evident after the bronchiolitis
phase, 14 days after infection,
and persisted until day 154 af-
ter inoculation. Although mini-
mal increases in Penh can also
be seen in noninfected animals
after methacholine inoculation,
the magnitude of the response
was markedly higher in animals
infected with respiratory syncy-
tial virus (RSV). *p � 0.05.
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fection in high risk patients56,57. Palivizumab was admi-

nistered once either a) 24 hours before infection as

prophylaxis or b) 48 hours after inoculation with RSV. Fi-

gure 2 demonstrates that RSV-infected mice treated with

palivizumab at either –24 h or + 48 hours showed com-

plete suppression of RSV loads compared with untreated

controls that received saline intraperitoneally as a place-

bo. We also measured the concentrations of different cy-

tokines in the bronchiolar lavage (BAL) of RSV infected

mice after palivizumab administration. Only the mice that

received palivizumab as prophylaxis had lower BAL con-

centrations of RANTES, eotaxin, MIP-1�, IL-10 and IFN-�

(p < 0.01) in the acute phase of the disease (bronchiolitis

phase) compared with the other regimes evaluated. HPS

was assessed during the acute (day 5) and chronic phases

(day 70). We demonstrated that although all RSV-infected

mice had histopathologic abnormalities, administration of

palivizumab 24 h before infection was associated with a

significant reduction of HPS during the acute phase of the

disease (day 5, p < 0.007) (fig. 3). Although the mice re-

ceived a single dose of the antibody, the reduction of

HPS compared with infected untreated controls conti-

nued to demonstrate a marked trend even at 10 weeks af-

ter infection. These studies demonstrate that decreasing

RSV replication in the lower respiratory tract with palivi-

zumab significantly reduced the cytopathic effect of the

virus in the respiratory epithelial cells and in the immune

response elicited by RSV.

Subsequently, we analyzed the effect of the anti-RSV

monoclonal antibody on pulmonary function. Figure 4A

shows that mice treated with the anti-RSV antibody at

24 h before inoculation showed a significant reduction in

airway obstruction (p < 0.001) that was not observed in

the other treatment group. Indeed, mice treated with pa-

livizumab 24 h before infection looked clinically similar to

uninfected controls that were inoculated with sterile me-

dium. Aerosolized methacholine challenge 4 weeks after

the infection elicited a significantly larger increase in

Penh (AHR) in untreated RSV infected mice than in mice

treated with palivizumab either before or after inoculation

with RSV. On day 70, 10 weeks alter RSV inoculation, ho-

wever, only mice that received the antibody at –24 h had

a significant reduction in AHR compared with untreated

controls (fig. 4B).
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Figure 2. Palivizumab administration 24 hours before
(prophylaxis) or 48 hours after (treatment) ino-
culation reduced the number of respiratory
syncytial virus (RSV) colony-forming plaques
(CFP) by more than one logarithm compared
with the untreated group. *p < 0.01 compared
with RSV infected controls (untreated).
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Figure 3. A) In the pneumonia/bronchiolitis phase (day 5 after inoculation), lung sections from untreated mice infected
with respiratory syncytial virus included dense perivascular mononuclear inflammatory infiltrates at the expen-
se of mononuclear cells in the peribronchial area. The air spaces contained numerous monocytes and neutrop-
hils as well as proteinaceous fluid. B) Mice treated with palivizumab 24 h before inoculation showed signifi-
cantly decreased inflammation in the air spaces, which consisted mainly of intra-alveolar macrophages. No
significant intra-alveolar edema was seen in this group of mice.
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Taken together, these results demonstrate that reducing

RSV replication is significantly associated with parallel

reductions in lung inflammatory changes, concentrations

of inflammatory cytokines and airway obstruction during

the acute phase of the disease, as well as with a remar-

kable attenuation of the long-term airway disease indu-

ced by RSV infection.

Future clinical studies to determine the role of palivi-

zumab in preventing the long-term morbidity associated

with RSV in the pediatric population should be perfor-

med.

REFERENCES

1. Martínez FD. Respiratory syncytial virus bronchiolitis and the
pathogenesis of childhood asthma. Pediatr Infect Dis J 2003;
22(2 Suppl):76-82.

2. Dickens LE, Collins PL, Wertz GW. Transcriptional mapping of
human respiratory syncytial virus. J Virol 1984;52:364-9.

3. Ogra PL. Respiratory syncytial virus: the virus, the disease and
the immune response. Paediatr Respir Rev 2004;5(Suppl
A):119-26.

4. Collins PL, Dickens LE, Buckler-White A, Olmsted RA, Spriggs
MK, Camargo E, et al. Nucleotide sequences for the gene junc-
tions of human respiratory syncytial virus reveal distinctive fea-
tures of intergenic structure and gene order. Proc Natl Acad Sci
USA 1986;83:4594-8.

5. Blount RE Jr., Morris JA, Savage RE. Recovery of cytopathoge-
nic agent from chimpanzees with coryza. Proc Soc Exp Biol
Med 1956;92:544-9.

6. Psarras S, Papadopoulos NG, Johnston SL. Pathogenesis of res-
piratory syncytial virus bronchiolitis-related wheezing. Paediatr
Respir Rev 2004;5(Suppl A):179-84.

7. Falsey AR, Cunningham CK, Barker WH, Kouides RW, Yuen JB,
Menegus M, et al. Respiratory syncytial virus and influenza A
infections in the hospitalized elderly. J Infect Dis 1995;172:
389-94.

8. Dowell SF, Anderson LJ, Gary HE Jr, Erdman DD, Plouffe JF,
File TM Jr, et al. Respiratory syncytial virus is an important
cause of community-acquired lower respiratory infection
among hospitalized adults. J Infect Dis 1996;174:456-62.

9. Hashem M, Hall CB. Respiratory syncytial virus in healthy
adults: the cost of a cold. J Clin Virol 2003;27:14-21.

10. Hall WJ, Hall CB, Speers DM. Respiratory syncytial virus infec-
tion in adults: clinical, virologic, and serial pulmonary function
studies. Ann Intern Med 1978;88:203-5.

11. Shay DK, Holman RC, Newman RD, Liu LL, Stout JW, Anderson
LJ. Bronchiolitis-associated hospitalizations among US children,
1980-1996. JAMA 1999;282:1440-6.

12. Vicente D, Montes M, Cilla G, Pérez-Yarza EG, Pérez-Trallero E.
Hospitalization for respiratory syncytial virus in the paediatric
population in Spain. Epidemiol Infect 2003;131:867-72.

13. Pullan CR, Hey EN. Wheezing, asthma, and pulmonary dys-
function 10 years after infection with respiratory syncytial virus
in infancy. Br Med J (Clin Res Ed) 1982;284(6330):1665-9.

14. Sigurs N, Bjarnason R, Sigurbergsson F, Kjellman B. Respiratory
syncytial virus bronchiolitis in infancy is an important risk fac-
tor for asthma and allergy at age 7. Am J Respir Crit Care Med
2000;161:1501-7.

15. Martinez FD, Wright AL, Taussig LM, Holberg CJ, Halonen M,
Morgan WJ. Asthma and wheezing in the first six years of life. The
Group Health Medical Associates. N Engl J Med 1995;332:133-8.

16. Rooney JC, Williams HE. The relationship between proved viral
bronchiolitis and subsequent wheezing. J Pediatr 1971;79:744-7.

17. Hall CB. Respiratory syncytial virus and parainfluenza virus.
N Engl J Med 2001;344:1917-28.

18. Stein RT, Sherrill D, Morgan WJ, Holberg CJ, Halonen M, Taus-
sig LM, et al. Respiratory syncytial virus in early life and risk of
wheeze and allergy by age 13 years. Lancet 1999;354:541-5.

19. Hall CB, Hall WJ, Gala CL, MaGill FB, Leddy JP. Long-term
prospective study in children after respiratory syncytial virus
infection. J Pediatr 1984;105:358-64.

20. Mok JY, Simpson H. Outcome for acute bronchitis, bronchioli-
tis, and pneumonia in infancy. Arch Dis Child 1984;59:306-9.

21. Bont L, Aalderen WM, Kimpen JL. Long-term consequences of
respiratory syncytial virus (RSV) bronchiolitis. Paediatr Respir
Rev 2000;1:221-7.

00

Figure 4. Basal airway obstruction was evaluated daily in
the first 2 weeks of infection (A). Then, airway
hyperreactivity (AHR) was evaluated after the
mice (n = 8) underwent methacholine challen-
ge weekly. Bars show delta Penh values reflec-
ting the difference between Penh values before
and after methacholine challenge (n = 12) (B).
*p < 0.001 compared with respiratory syncytial
virus (RSV)-infected controls (untreated).

2

1

0 2 4 6 8 10 12 14 16

Days after infection

P
e

n
h

Noninfected controls

RSV-infected controls

RSV + palivizumab − 24 h

RSV + palivizumab + 48 h

* *
*

*

4

3

2

1

0
4 10

Weeks after infection

D
e
lt
a
 P

e
n
h
 p

o
s
m

e
ti
lc

o
lin

a

Noninfected controls

RSV-infected controls

RSV + palivizumab − 24 h

RSV + palivizumab + 48 h

* *

*

A

B



An Pediatr (Barc) 2004;61(3):E2 9

Mejías A, et al. Asthma and respiratory syncytial virus

22. Sommerville RG. Respiratory syncytial virus in acute exacerba-
tions of chronic bronchitis. Lancet 1963;47:1247-8.

23. Castro J, Telleria JJ, Blanco-Quiros A. Susceptibility genes for
asthma and allergy: hits and questions. J Investig Allergol Clin
Immunol 2001;11:73-8.

24. Goetghebuer T, Isles K, Moore C, Thomson A, Kwiatkowski D,
Hull J. Genetic predisposition to wheeze following respiratory
syncytial virus bronchiolitis. Clin Exp Allergy 2004;34:801-3.

25. Hull J, Thomson A, Kwiatkowski D. Association of respiratory
syncytial virus bronchiolitis with the interleukin 8 gene region
in UK families. Thorax 2000;55:1023-7.

26. Lofgren J, Ramet M, Renko M, Marttila R, Hallman M. Association
between surfactant protein A gene locus and severe respiratory
syncytial virus infection in infants. J Infect Dis 2002;185:283-9.

27. McBride JT. Pulmonary function changes in children after res-
piratory syncytial virus infection in infancy. J Pediatr 1999;135
(2 Pt 2):28-32.

28. Pardos Martínez C LCV, González Pérez-Yarza E, Isanta Pomar
C, Fuertes Fernández-Espinar J, Meriz Rubio J. Risk factors for
asthma, allergy and bronchial hyperresponsiveness in children
aged 6-8 years old. An Esp Pediatr 2001;55:205-12.

29. Piedimonte G. Neural mechanisms of respiratory syncytial
virus-induced inflammation and prevention of respiratory
syncytial virus sequelae. Am J Respir Crit Care Med 2001;163
(3 Pt 2):S18-21.

30. Silvestri M, Sabatini F, Defilippi AC, Rossi GA. The wheezy
infant-immunological and molecular considerations. Paediatr
Respir Rev 2004;5(Suppl A):81-7.

31. Welliver RC, Duffy L. The relationship of RSV-specific immuno-
globulin E antibody responses in infancy, recurrent wheezing,
and pulmonary function at age 7-8 years. Pediatr Pulmonol
1993;15:19-27.

32. Sheeran P, Jafri H, Carubelli C, Saavedra J, Johnson C, Krisher
K, et al. Elevated cytokine concentrations in the nasopharyn-
geal and tracheal secretions of children with respiratory syncy-
tial virus disease. Pediatr Infect Dis J 1999;18:115-22.

33. Hall CB, Powell KR, MacDonald NE, Gala CL, Menegus ME, Suf-
fin SC, et al. Respiratory syncytial viral infection in children with
compromised immune function. N Engl J Med 1986;315:77-81.

34. Delage G, Brochu P, Robillard L, Jasmin G, Joncas JH, Lapointe
N. Giant cell pneumonia due to respiratory syncytial virus.
Occurrence in severe combined immunodeficiency syndrome.
Arch Pathol Lab Med 1984;108:623-5.

35. Whimbey E, Couch RB, Englund JA, et al. Respiratory syncytial
virus pneumonia in hospitalized adult patients with leukemia.
Clin Infect Dis 1995;21:376-9.

36. Aberle JH, Aberle SW, Dworzak MN, Mandl CW, Rebhandl W,
Vollnhofer G, et al. Reduced interferon-gamma expression in
peripheral blood mononuclear cells of infants with severe res-
piratory syncytial virus disease. Am J Respir Crit Care Med
1999;160:1263-8.

37. Garofalo RP, Patti J, Hintz KA, Hill V, Ogra PL, Welliver RC.
Macrophage inflammatory protein-1alpha (not T helper type
2 cytokines) is associated with severe forms of respiratory
syncytial virus bronchiolitis. J Infect Dis 2001;184:393-9.

38. Legg JP, Hussain IR, Warner JA, Johnston SL, Warner JO. Type
1 and type 2 cytokine imbalance in acute respiratory syncytial
virus bronchiolitis. Am J Respir Crit Care Med 2003;168:633-9.

39. Haeberle HA, Kuziel WA, Dieterich HJ, Casola A, Gatalica Z,
Garofalo RP. Inducible expression of inflammatory chemokines
in respiratory syncytial virus-infected mice: role of MIP-1alpha
in lung pathology. J Virol 2001;75:878-90.

40. Jafri HS, Chávez-Bueno S, Mejías A, Gómez AM, Ríos AM, Nassi
SS, et al. Respiratory syncytial virus induces pneumonia, cyto-
kine response, airway obstruction, and chronic inflammatory
infiltrates associated with long-term airway hyperresponsive-
ness in mice. J Infect Dis 2004;189:1856-65.

41. Schwarze J, O’Donnell DR, Rohwedder A, Openshaw PJ.
Latency and persistence of respiratory syncytial virus despite T
cell immunity. Am J Respir Crit Care Med 2004;169:801-5.

42. Cubie HA, Duncan LA, Marshall LA, Smith NM. Detection of
respiratory syncytial virus nucleic acid in archival postmortem
tissue from infants. Pediatr Pathol Lab Med 1997;17:927-38.

43. Seemungal T, Harper-Owen R, Bhowmik A, Moric I, Sanderson
G, Message S, et al. Respiratory viruses, symptoms, and inflam-
matory markers in acute exacerbations and stable chronic obs-
tructive pulmonary disease. Am J Respir Crit Care Med 2001;
164:1618-23.

44. Buckingham SC, Jafri HS, Bush AJ, Carebelli CM, Sheeran P,
Hardy RD, et al. A randomized, double-blind, placebo-contro-
lled trial of dexamethasone in severe respiratory syncytial virus
(RSV) infection: effects on RSV quantity and clinical outcome.
J Infect Dis 2002;185:1222-8.

45. Malley R, DeVincenzo J, Ramilo O, Dennehy PH, Meissner HC,
Gruber WC, et al. Reduction of respiratory syncytial virus (RSV)
in tracheal aspirates in intubated infants by use of humanized
monoclonal antibody to RSV F protein. J Infect Dis 1998;178:
1555-61.

46. Malley R, Vernacchio L, Devincenzo J, Ramilo O, Dennehy PH,
Meissner HC, et al. Enzyme-linked immunosorbent assay to
assess respiratory syncytial virus concentration and correlate
results with inflammatory mediators in tracheal secretions.
Pediatr Infect Dis J 2000;19:1-7.

47. Edell D, Khoshoo V, Ross G, Salter K. Early ribavarin treatment
of bronchiolitis: Effect on long-term respiratory morbidity.
Chest 2002;122:935-9.

48. Edell D, Bruce E, Hale K, Khoshoo V. Reduced long-term res-
piratory morbidity after treatment of respiratory syncytial virus
bronchiolitis with ribavirin in previously healthy infants: A pre-
liminary report. Pediatr Pulmonol 1998;25:154-8.

49. Wenzel SE, Gibbs RL, Lehr MV, Simoes EA. Respiratory outco-
mes in high-risk children 7 to 10 years after prophylaxis with
respiratory syncytial virus immune globulin. Am J Med 2002;
112:627-33.

50. Kimpen JL. Prevention and treatment of respiratory syncytial
virus bronchiolitis and postbronchiolitic wheezing. Respir Res
2002;3(Suppl 1):40-5.

51. Bisgaard H. A randomized trial of montelukast in respiratory
syncytial virus postbronchiolitis. Am J Respir Crit Care Med
2003;167:379-83.

52. Welliver RC 2nd, Hintz KH, Glori M, Welliver RC. Sr. Zileuton
reduces respiratory illness and lung inflammation, during res-
piratory syncytial virus infection, in mice. J Infect Dis 2003;
187:1773-9.

53. Mejias A, Ramilo O. Asthma and respiratory syncytial virus.
Myth or reality? An Esp Pediatr 2002;57:199-204.

54. Chavez-Bueno S, Mejías A OK, Ríos AM, Fonseca-Aten M, Hat-
field J, Gómez AM, Ramilo O, et al. Respiratory syncytial virus
(RSV)-induced long term airway hyperresponsiveness (AHR) is
associated with viral persistence detected by real time polyme-
rase chain reaction (RLT-PCR). Pediatric Res 2004;1:335A
(1908).

55. Mejías A, Chávez-Bueno S, Ríos AM, Saavedra-Lozano J, Fon-
seca Aten M, Hatfield J, et al. Anti-respiratory syncytial virus
(RSV) neutralizing antibody decreases lung inflammation, air-
way obstruction, and airway hyperresponsiveness in a murine
RSV model. Antimicrob Agents Chemother 2004;48:1811-22.

56. Tsutsumi H. Palivizumab, a humanized respiratory syncytial
virus monoclonal antibody, reduces hospitalization from respi-
ratory syncytial virus infection in high-risk infants. Pediatrics
1998;102:531-7.

57. Carbonell-Estrany X, Quero Jiménez J. Guidelines for respira-
tory syncytial virus prophylaxis. An update. An Esp Pediatr
2002;56:334-6.

00


