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68  Bronchiolitis
John Bower and John T. McBride

With bronchiolitis we have to contend
with illness that’s now and disease that comes then;
For many such infants a mold has been cast,
perhaps by their unborn and unknown past,
which destines that they shall in time wheeze again.
For them this disease is the far, boding knell
Of vulnerable lungs to a microbe’s dark spell.

—Caroline Breese Hall (1939-2013, the original author of  
much of this chapter and to whose memory it is dedicated)

Bronchiolitis is the most common acute viral lower respiratory tract 
illness occurring during the first 2 years of life. Much interest and effort 
have been aimed at determining the pathogenesis and management of 
this illness among hospitalized and outpatient children. Despite this, 
concerns and controversies continue.

Bronchiolitis has acquired during its long lineage a notable number 
of sobriquets, including “acute catarrhal bronchitis,” “interstitial bron-
chopneumonia,” “spastic bronchopneumonia,” “capillary or obstructive 
bronchitis,” and, more commonly, “wheezy bronchitis” and “asthmatic 
bronchiolitis.” The diversity of these terms is indicative of the past and 
ongoing confusion and difficulty in clinical differentiation of bronchi-
olitis from asthma and infectious asthma. These entities usually refer 
to repeated episodes of wheezing that may be triggered by infectious 
agents and tend to occur in children beyond infancy.

The definition of bronchiolitis varies but usually applies to children 
younger than 2 years of age with a first episode of wheezing commonly 
associated with fever, cough, rhinorrhea, and tachypnea.1,2 Consensus 
does exist, however, that bronchiolitis continues to impose a major and 
increasing health care burden. Bronchiolitis has been estimated to be 
the leading cause of all hospitalizations among infants in the United 
States.3,4,5

ETIOLOGY
Bronchiolitis was not recognized as a distinct entity until the 1940s and 
was initially thought to be caused by bacteria.6,7 Viruses are now known 
to be the prime cause of the syndrome and the associated characteristic 
pathology of the lower respiratory tract. Respiratory syncytial virus 
(RSV) is the major pathogen identified. The roles played by other viral 

agents are controversial and depend partly on the population being 
studied and the laboratory methods used for detection. Correlation 
with disease is particularly problematic because viruses that commonly 
infect this young age group can cause high rates of asymptomatic infec-
tion or prolonged shedding, including adenoviruses and human boca-
virus (hBoV). In addition, some agents, such as rhinoviruses, may 
trigger asthmatic airway inflammation and bronchospasm without 
causing the small airway pathology characteristic of infection of the 
lower respiratory tract with bronchiolitis.

RSV has been identified as the principal agent in two thirds of the 
cases of bronchiolitis, and in hospitalized patients the proportion is 
likely higher.1,8,9 Other viruses that commonly have been identified as 
single or coinfecting agents among children with bronchiolitis include 
human metapneumovirus (hMPV), the parainfluenza viruses, influ-
enza viruses, rhinoviruses, human coronaviruses (hCoV), and hBoV 
(Table 68-1).

Among the parainfluenza viruses, parainfluenza virus types 1 and 
3 are more commonly associated with bronchiolitis in hospitalized 
children than type 2.10 Illnesses with hMPV and RSV are generally 
indistinguishable, although lower respiratory tract illness with hMPV 
is usually less severe.11-13 Both RSV and hMPV occur from fall to 
spring, but activity of hMPV in the community is generally less 
intense.11-13 Hospitalized children with hMPV infection tend to be 
slightly older than children with RSV, and almost all children are 
infected with hMPV by 5 to 10 years of age.12 Influenza A and B viruses 
frequently cause lower respiratory tract disease among children 
younger than 2 years of age, but the proportion manifesting as bron-
chiolitis is less than that observed with RSV.13-15

With the use of sensitive molecular techniques, additional viruses 
have been identified in young children with bronchiolitis including 
hCoVs (see Chapter 157) and hBoV (see Chapter 149). hCoVs are 
composed of four different strains, including the novel strains hCoV-
NL63 and hCoV-HKU1, and have been identified in 7% of young 
children hospitalized with respiratory illness.16 However, an equal per-
centage of asymptomatic children younger than 5 years of age have 
been observed to shed hCoV.16 The parvovirus hBoV is increasingly 
being detected by reverse-transcriptase polymerase chain reaction 
(RT-PCR) in respiratory and fecal specimens from adults and children 

Definition
•	 Bronchiolitis	is	small	airway	inflammation/

obstruction	most	frequently	caused	by	
infection	with	respiratory	syncytial	virus	(RSV)	
in	the	first	years	of	life.

Epidemiology
•	 RSV	bronchiolitis	occurs	in	winter	epidemics	in	

temperate	climates	and	sporadically	in	the	
tropics.

•	 Bronchiolitis	is	a	leading	cause	of	
hospitalization	in	the	first	year	of	life	in	the	
developed	world.

Microbiology
•	 Many	other	respiratory	viruses	may	

cause	bronchiolitis,	including	human	
metapneumovirus,	influenza,		

parainfluenza,	adenovirus,	coronavirus,	and	
bocavirus.

Diagnosis
•	 Diagnosis	is	clinically	based	on	presence	of	RSV	

in	the	community,	initial	episode	of	wheezing,	
and	evidence	of	upper	respiratory	infection.

•	 Other	causes	of	wheezing	in	early	childhood	
should	be	excluded,	such	as	congenital	heart	
disease	with	failure,	foreign	body	aspiration,	
dysphagia,	and	asthma.

•	 Apnea	may	occur	early	in	the	course	of	viral	
bronchiolitis,	usually	in	infants	younger	than	
44	weeks’	postconceptional	age.

Therapy
•	 Therapy	is	supportive	and	includes	hydration,	

oxygen,	and	respiratory	support	as	needed.

•	 Corticosteroids	and	bronchodilators	are	not	
generally	beneficial.

•	 Hypertonic	saline	aerosols	delivered	three	
times	daily	may	hasten	recovery	but	have	not	
been	widely	adopted.

•	 Respiratory	support	by	high-flow	nasal	
cannula	may	prevent	or	delay	intubation		
in	patients	with	apnea	or	respiratory		
failure.

Prevention
•	 Careful	attention	to	hand	sanitation	is	

important	in	limiting	spread	of	RSV	infection	
during	epidemics.

•	 Monoclonal	antibody	prophylaxis	may	
prevent	or	mitigate	infection	in	high	risk	
infants.

SHORT VIEW SUMMARY
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children younger than 5 years of age with lower respiratory tract 
illness. In children younger than 1 year of age presenting to the emer-
gency department with bronchiolitis, up to 40% are admitted with an 
average length of stay of 3.3 days.26

Despite the steady rates of hospitalization for bronchiolitis, the 
mortality rates associated with bronchiolitis have declined in the 
United States to fewer than 400 deaths per year.3,27 Most deaths 
(79%) occur in infants younger than 1 year, primarily during the first 
several months of life. Children with chronic conditions, especially 
conditions affecting cardiopulmonary function, are most likely to 
develop severe or fatal bronchiolitis. Children with prematurity and 
the associated chronic lung disease have a fivefold increased risk of 
developing disease requiring hospitalization than children with no 
comorbid conditions.3,28,29

Multiple demographic, environmental, and biologic factors have 
been associated with increased rates of hospitalization among other-
wise normal children. Bronchiolitis is more common in boys, espe-
cially among children with more severe illness, with a male-to-female 
ratio of about 1.5 : 1.30 Other factors that have been associated with a 
greater likelihood of severe illness include young maternal age, lower 
cord blood antibody titers to RSV, lower socioeconomic status, tobacco 
smoke exposure, living in crowded surroundings, having older sib-
lings, daycare attendance, lack of breast-feeding, a predisposition to 
atopy or hyperreactivity of the airway, and illness caused by RSV.11,31-33 
Infants with specific genotypes predicted to modify innate mucosal 
immunity are at greater risk of severe RSV infections.34 A similar 
mechanism might explain the fact that certain ethnic groups of infants 
have higher rates of hospitalization for bronchiolitis. Native American 
and Native Alaskan children have hospitalization rates two to three 
times higher than those of the general population of U.S. children of 
the same age.35 Nevertheless, the major independent risk factor for 
bronchiolitis requiring hospitalization is young age, within the first 6 
months of life.11,33

PATHOPHYSIOLOGY
In 1940, Engle and Newns6 carefully described the pathology of a 
severe and often fatal lower respiratory tract disease they observed in 
young infants. They called this “proliferate mural bronchiolitis.” Their 
findings of the generalized involvement of the respiratory epithelium 
of the small airways have been confirmed as being characteristic of 
infection-induced bronchiolitis among young children.

The virus initially replicates in the epithelium of the upper respira-
tory tract, with subsequent spread within a few days to the lower tract 
airways (Fig. 68-1). Early inflammation of the bronchial and bronchio-
lar epithelium occurs along with peribronchiolar infiltration, mostly 
with mononuclear cells, and edema of the submucosa and adventitia. 
The respiratory epithelium becomes necrotic and is sloughed into the 
lumina of the airways. Subsequently, the epithelium proliferates and 
shows cuboidal cells without cilia (Fig. 68-2).

with a spectrum of upper and lower respiratory illnesses, including 
bronchiolitis. hBoV has been reported as a sole pathogen in 1% to 6% 
of young children with bronchiolitis and as a coinfection in 6% to 20% 
of bronchiolitis cases. However, hBoV is shed for prolonged periods 
and may be detected long after the clinical manifestations associated 
with acute infection have resolved.8,17,18,19,20

Viruses that are primarily agents of upper respiratory tract infec-
tions are also commonly identified in specimens obtained from chil-
dren with bronchiolitis. Notable among these are the picornaviruses 
(rhinoviruses and enteroviruses) and adenoviruses. The direct role of 
these viruses in causing bronchiolitis is uncertain because their high 
prevalence in this age group makes them common agents of dual infec-
tion.8,9 Rhinoviruses, with more than 100 serotypes, are identified in 
3% to 30% of children with bronchiolitis, and more than half the time 
they are present as coinfecting agents, most commonly with RSV.8,21 
Interpreting the role of rhinoviruses in children with bronchiolitis is 
complicated by the association of rhinovirus with episodes of wheezing 
from reactive airway or asthma exacerbations.21 One group that 
appears to be at particular risk for severe lower respiratory tract infec-
tion due to human rhinoviruses are very-low-birth-weight infants.22 
Enteroviruses have been identified in up to 7% of children hospitalized 
with bronchiolitis and are usually present as coinfecting viruses.9

It remains uncertain whether dual viral infections increase the  
risk of developing more severe illness with bronchiolitis.8,9 Studies 
examining whether hMPV coinfection is associated with more severe 
RSV lower respiratory tract disease suggest an increase in disease 
severity among hospitalized children, but this has not been consistently 
demonstrated.9,23-25

EPIDEMIOLOGY
Bronchiolitis shows a yearly seasonal pattern that varies according to 
geography and climate. In temperate climates, the peak occurrence of 
cases is during the winter to early spring and usually correlates with 
the prevalence of RSV in the community. Outbreaks of bronchiolitis 
are less distinctive in warmer and tropical climates where RSV occurs 
over longer periods. Bronchiolitis cases in these areas may be seen 
throughout the year, and the prevalence of cases depends on the sea-
sonal patterns of the known and yet unknown agents associated with 
bronchiolitis (see Table 68-1).

Bronchiolitis is most common during the first year of life, with the 
peak attack rate occurring between 1 and 10 months of age and among 
hospitalized cases between 2 and 5 months of age. Each year, 1% to 3% 
of infants younger than 12 months of age are hospitalized with bron-
chiolitis; 80% are younger than 6 months of age. For the period 
1997 to 2006, age-specific rates of hospitalization for bronchiolitis 
remained steady with an overall rate of 26 per 1000 children younger 
than 1 year of age and 48.9 per 1000 for infants younger than 3 months 
of age.4,5 For children older than 1 year of age the rate was 1.8 per 1000.4 
Overall, RSV disease accounts for up to 24% of hospitalizations among 

TABLE 68-1  Agents That Cause Bronchiolitis

VIRUS
PROPORTION OF CASES 
WITH VIRUS DETECTED* SEASONAL OCCURRENCE†

PRIME AGE OF OCCURRENCE 
(PEAK AGE OF HOSPITALIZED)

Respiratory syncytial virus 50%-80% Yearly large outbreaks; late fall to spring <1 yr (<6 mo)

Human metapneumovirus 3%-19% Yearly occurrence; late fall to spring 3-18 mo (3-12 mo)

Rhinoviruses 3%-30% Endemic, yearly; most October-April All ages (<5 yr)

Influenza 6%-24% Yearly outbreaks; late fall to spring; onset, 
prevalence vary with year, strain

1-24 mo (<12 mo)

Parainfluenza viruses types 1-3 7%-18% Type 1: fall outbreak every other year <5 yr (<12 mo)

Type 2: sporadic, mostly fall, winter <5 yr (<2 yr)

Type 3: yearly, mostly spring to fall <2 yr (<12 mo)

Human bocavirus 1%-20% Endemic, yearly 6-24 mo

Human coronaviruses (NL63, 
HKU1, 229E, OC43)

1%-10% All year, most in winter All ages (<12 mo)

Adenoviruses 3%-20% Endemic, all year <5 yr (<2 yr)

*Proportion of respiratory samples with virus detected from young children with bronchiolitis or lower respiratory tract illness. Includes samples in which virus was detected 
along with another virus.

†Seasonal occurrence in temperate climates.
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lethargy and poor feeding. Retractions of the chest wall, flaring of the 
nasal alae, and grunting are evidence of increased work of breathing. 
The hallmark of bronchiolitis is the rapid variability of the child’s 
respiratory signs. Auscultatory findings may vary from only wheezing 
or crackles, to both, or to neither. Decreasing lung sounds on ausculta-
tion associated with increasing dyspnea and diminished movement of 
air may indicate progressive obstruction and impending respiratory 
failure.

Dehydration commonly accompanies bronchiolitis, resulting from 
paroxysms of coughing, which may trigger vomiting, and from poor 
oral intake related to the child’s respiratory distress and lethargy. 
Tachypnea increases the fluid requirement further. Of children hospi-
talized with bronchiolitis in the United Kingdom, 82% on admission 
had feeding difficulties that lasted an average of 27 hours.36 Supplemen-
tal oxygen was administered at the time of admission to 22% of the 
children whose mean pulse oxygen saturation was 94%. Within 6 hours 
of admission, 70% were given supplemental oxygen, although the 
mean pulse oxygen saturation level decreased an average of 2%. No 
correlation was observed between the pulse oxygen saturation level 
obtained at 6 hours and the administration of supplemental oxygen or 
the length of hospital stay. Infants whose feeding difficulties resolved 
and who continued to be hospitalized for supplemental oxygen admin-
istration only had no evidence of clinical deterioration.

Considering that bronchiolitis is one of the most frequent causes of 
pediatric ambulatory visits and hospitalization, children at low risk for 
developing complicated illness have been evaluated to determine 
which children may be safely discharged home. Among children 
younger than 2 years of age presenting with bronchiolitis at 30 U.S. 
emergency departments during 2004 to 2006, 57% were discharged to 
home.37 Characteristics of the children whose home discharge was safe 
included age 2 months or older, a history of eczema, respiratory rates 

Inflammatory changes of variable severity are observed in most 
small bronchi and bronchioles. Because resistance to airflow is related 
inversely to the cube of the radius of the airway, the inflammation and 
edema make the lumina of small airways in infants particularly vulner-
able to obstruction (see Fig. 68-1). Plugs of necrotic material and fibrin 
may completely or partially obstruct the small airways. Smooth muscle 
constriction does not seem to be a major factor in the obstruction. In 
areas peripheral to sites of partial obstruction, air becomes trapped by 
a process similar to a “ball-valve” mechanism. Negative intrapleural 
pressure exerted during inspiration allows air to flow beyond the point 
of partial obstruction. On expiration, however, the size of the lumen 
decreases, resulting in obstruction and gas trapping. In areas periph-
eral to obstruction, trapped air is eventually absorbed, which results in 
multiple areas of atelectasis. This absorptive atelectasis is accelerated 
when a child breathes high concentrations of oxygen, which is absorbed 
into the blood much faster than nitrogen. The degree of atelectasis or 
hyperinflation that develops is greater in infants than it would be in 
older children or adults because collateral channels that maintain 
alveolar expansion in the presence of airway obstruction are not well 
developed early in life.

The physiologic correlates of airway obstruction are dyspnea, tach-
ypnea, a diminished tidal volume, and a diminished ratio of ventilation 
to perfusion resulting first in arterial hypoxemia. When an infant is no 
longer able to compensate for the disordered gas exchange by increas-
ing ventilation, hypercarbia may ensue. The pathologic process may 
progress to involve the alveolar walls and spaces, producing an inter-
stitial pneumonitis. Recovery tends to be slow, requiring several weeks.

CLINICAL MANIFESTATIONS
Bronchiolitis commonly has a prodrome of several days that is marked 
by upper respiratory tract signs, especially coryza, cough, and fever, 
which is usually mild. Lower respiratory tract involvement may be 
signaled by the development of a prominent cough, followed by an 
increased respiratory rate, and nonspecific systemic symptoms such as 

FIGURE  68-1 Factors that contribute to severity of viral 
bronchiolitis. 

I.  Upper Airway Infection

II.  Viral Propagation in Lower Airway

III.  Lower Airway Injury

IV.  Respiratory Distress

   Viral virulence
↑ Viral inoculum
↓ Mucosal immunity

   Viral particles reach-
       ing lower airway
↑ Viral inoculum size
↓ Airway clearance
↓ Mucosal immunity

   Viral virulence
↑ Viral burden
↑ Host inflammatory
     response

↑ Airway injury
   Premature/infant
       lung
    Abnormal lung 
       vasculature
    Preexisting airway
       dysfunction
    Muscle weakness
    Poor cough

↓ Specific immunity (lgA)
↓ Innate mucosal immunity

↑ Upper airway viral burden
Aspiration/dysphagia
Intubation

Ciliary dysfunction (smoke, etc.)
↓ Cough (neurologic dysfunction)

↓ Specific immunity (lgG)
↓ Innate mucosal immunity

↑ Pulmonary blood flow
Pulmonary hypertension

Chronic lung disease, exposure
to smoke, environmental toxins

↓ Airway diameters
↓ Collateral ventilation
↓ Lung recoil
↓ Chest wall stability
↓ Respiratory muscle reserve
↓ Pulmonary reserve

↑ Direct cytopathic effect

FIGURE 68-2 Bronchiolitis. A, Histopathology of bronchiolitis showing 
bronchiolar inflammation with regenerating epithelium. B, Characteristic 
inflammation and necroses in bronchiolitis, resulting in obliteration of the 
bronchiolar lumen. 
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management of bronchiolitis.2 Complete blood cell count values vary 
in children with bronchiolitis and have not been shown to be helpful 
in determining the diagnosis or therapy of bronchiolitis.2 Additional 
diagnostic procedures should be reserved for children whose history, 
findings, or clinical course are not as expected.

Although rapid diagnostic testing is generally unnecessary, it may 
be useful at times for implementing appropriate infection control, 
monitoring seasonal patterns of respiratory pathogens, restricting anti-
microbial use, or providing confirmation of the diagnosis in children 
with unusual clinical presentations or severe disease. Timely diagnosis 
of specific viral respiratory pathogens may occasionally be necessary 
to guide specific antiviral therapy in children with high-risk conditions 
or severe illness with influenza or RSV.

Rapid diagnostic approaches to identifying the common viral 
agents of bronchiolitis include tissue culture, antigen detection, and 
PCR. Nasopharyngeal washes provide the most appropriate specimen. 
When available, tissue culture by shell vial technique can provide posi-
tive culture results within several days. Rapid antigen detection 
includes direct and indirect immunofluorescent assays, optical immu-
noassays, and enzyme immunoassays. These rapid viral antigen tech-
niques are most commonly used because of their ease, cost, and 
availability of results within hours.52 Rapid real-time PCR testing is 
becoming increasingly available for the simultaneous diagnosis of mul-
tiple respiratory viruses and is capable of high sensitivity and specific-
ity, as well as short turnaround times.53 The positive predictive value 
of all these viral assays significantly diminishes when the prevalence of 
the agent, such as RSV or influenza, is low in the community.

Serologic tests to determine the etiologic agent are rarely helpful in 
clinical management and may be difficult to interpret because a young 
infant would have maternally acquired antibody to many of the viral 
agents of bronchiolitis.

The differentiation of wheezing caused by RSV infection from 
wheezing caused by many other mechanisms in infants is challenging 
because RSV occurs in epidemics. During the height of the epidemic, 
it is tempting to assume that RSV is the culprit in any wheezing infant. 
The differential diagnosis of wheezing in an infant is broad and requires 
a careful history and examination.54 Congestive heart failure is most 
important to consider because infants with left-to-right shunt are likely 
to become symptomatic and present with tachypnea and wheezing at 
around 8 to 10 weeks of age. Gastric reflux and aspiration may produce 
a picture that is indistinguishable clinically from acute bronchiolitis. 
An asthma exacerbation precipitated by a viral infection is possible, 
particularly in infants with a strong family history of asthma. Other 
considerations include foreign body aspiration, vascular ring, cystic 
fibrosis, and immunodeficiency.

THERAPY
Supportive care is the mainstay of therapy for outpatient and inpatient 
children. Guidelines for care have been published and updated.2 At 
home, care is aimed primarily at comfort, maintaining adequate hydra-
tion, and treating fever if necessary.2,55 Young children, especially 
infants, are particularly compromised by a respiratory rate of 60 or 
greater per minute and by the increased nasal congestion and mucus 
production in the lower respiratory tract. These may result in dimin-
ished fluid intake, inability to sleep, increased work of breathing, and 
the risk of requiring assisted ventilation. Clearance of secretions by 
administering chest percussion or deep pharyngeal and tracheal suc-
tioning has been ineffective in the management of bronchiolitis and is 
not advised.2

Among more severely ill children with hypoxemia, supplemental 
oxygen administration may be of prime importance. The Spo2 level at 
which supplemental oxygen should be administered is not well defined, 
however, and is controversial. Although Spo2 levels of 90% to 95% on 
room air have been commonly used, the American Academy of Pedi-
atrics has advised for previously healthy infants that supplemental 
oxygen should be initiated when persistent measurements of Spo2 
levels less than 90% are obtained.2 In fact, the use of pulse oximetry in 
previously healthy children without signs of respiratory distress has not 
been associated with a better clinical outcome but has led to increased 
use of medical services and cost and is not routinely recommended.2 
Other factors than just the Spo2 level should be considered in the 

that were below normal for age, oxygen saturation levels 94% or greater, 
no or mild chest wall retractions, fewer treatments with bronchodila-
tors during the first hour, and adequate oral intake.

The acute course of bronchiolitis typically lasts 3 to 7 days. A 
minority of children with RSV lower respiratory infection presents 
with critical hypoxemia, apnea, or respiratory failure and immediately 
requires intensive care. Most children admitted to the hospital are less 
severely affected, and relatively few of them deteriorate dramatically 
after admission. In one study, less than 2% of previously healthy chil-
dren admitted to the regular floor for RSV infection subsequently 
required intensive care.38 Most infants improve within 3 to 4 days, with 
a gradual recovery period of 1 to 2 weeks, but cough may persist longer. 
The median duration of illness in one study of ambulatory children 
with bronchiolitis was 12 days. After 3 weeks, 18% remained symp-
tomatic, and after 4 weeks, 9% were still ill.39 Gender, weight, or respi-
ratory rate was not predictive of longer illness.

COMPLICATIONS
Complications associated with bronchiolitis occur most frequently in 
infants within the first several months of life, in premature infants, and 
in children with chronic cardiac, pulmonary, and immunodeficiency 
diseases.3,27-29 The most serious complication is progression to respira-
tory failure. Although the risk of respiratory failure is relatively low for 
most children with RSV bronchiolitis, a small number of severely 
affected infants will require assisted ventilation in most intensive care 
units each year. Intubation and ventilation are usually indicated by 
recurrent severe apnea or hypercapnic/hypoxemic respiratory failure.

Apnea, one of the most frequent acute complications, occurs in 3% 
to 21% of infants.40-42 Apnea typically is the presenting manifestation, 
occurring after several days of respiratory symptoms that may be so 
mild as to go unnoticed. Infants who present with apnea are at risk of 
developing severe lower respiratory disease even as the apnea typically 
resolves within a day or two. Apnea is most likely to occur in premature 
infants and in infants within the first 2 months of life (e.g., infants who 
are younger than 44 weeks’ postconceptional age). The apnea does not 
seem to be obstructive, generally has a good prognosis, and is not 
associated with an increased risk of sudden infant death syndrome 
subsequently.

Aspiration has been shown to be a frequent complication in infants 
hospitalized with RSV bronchiolitis.43,44 It is possible that infants with 
preexisting dysphagia are at increased risk of severe bronchiolitis with 
RSV infection, so this may represent association rather than causation. 
Secondary bacterial infections complicating bronchiolitis are uncom-
mon, and concurrent bacterial infections occur in 0% to 7% of bron-
chiolitis cases.28,45-48 Concurrent bacterial infections most frequently 
are urinary tract infections, unrelated to the bronchiolitis. Bacterial 
coinfections have been less common in children with bronchiolitis 
than in control children without bronchiolitis.

The most frequent clinical association observed in infants hospital-
ized with bronchiolitis is subsequent episodes of recurrent wheezing, 
estimated to occur in 30% to 50% of infants hospitalized with bron-
chiolitis. The pathogenesis of this link is unclear (see Chapter 160). 
Controversy continues over the extent to which this association is 
explained by a genetic predisposition to both severe RSV disease and 
subsequent wheezing or by an effect of RSV infection itself.49 Neverthe-
less, the prognosis for most children with recurrent episodes of wheez-
ing during early childhood is good. Among most children, the episodes 
diminish or disappear before reaching the teenage years.50,51

DIAGNOSIS
The diagnosis of bronchiolitis may be made for most children on the 
basis of the characteristic clinical and epidemiologic findings. These 
include the acute onset of the typical constellation of respiratory tract 
findings of cough, wheezing, and increasing respiratory effort after an 
upper respiratory tract prodrome, particularly during the winter respi-
ratory season, in a child younger than 2 years of age.2 Laboratory and 
radiologic studies are unnecessary for diagnosis; they do not change 
the outcome for most children and are not routinely recommended. 
The assessment of the severity of the bronchiolitis should also be  
based on the child’s history and physical examination according to  
the American Academy of Pediatrics’ guidelines on the diagnosis and 
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times a day) has been shown to result in more rapid clinical improve-
ment and shortened length of stay in infants with RSV bronchiolitis 
without evidence of side effects.62 Nevertheless, this therapy has not 
been universally adopted because several studies have been unable to 
show benefit and because of the theoretical but unsubstantiated 
concern that the hypertonic saline aerosol might induce bronchospasm 
in infants with asthma.

Ribavirin (1-β-d-ribofuranosyl-1,2,4-triazole-3-carboxamide), a 
synthetic nucleoside, is available for aerosol treatment for RSV bron-
chiolitis among hospitalized infants. The drug is not recommended 
routinely, however, and should be considered only for infants with 
severe disease at high risk of severe illness (see Chapters 44 and 160).2

Several approaches are used to provide direct respiratory support 
for the small number of young infants or those with underlying abnor-
malities who develop life-threatening apnea or respiratory failure 
during an episode of bronchiolitis. Noninvasive approaches that have 
been used to avoid intubation include continuous positive airway pres-
sure, heliox, and high-flow nasal cannula therapy (HFNC).63-65 The first 
two have not been consistently shown to be adequately beneficial to 
justify the challenge of administration. HFNC, however, may be effec-
tive in preventing or delaying the need for intubation.66,67

PREVENTION
Prevention of the clinical entity of bronchiolitis is a goal unlikely to be 
reached in the near future because of its multiple etiologies and varying 
pathogenesis. For prevention of bronchiolitis associated with primary 
RSV infection, prophylactic administration of humanized monoclonal 
antibodies directed against the RSV F protein has been effective in 
reducing the rate of RSV hospitalization among high-risk infants who 
are premature and have comorbid conditions affecting cardiopulmo-
nary function (see Chapter 160).29,68

The mainstay of preventing bronchiolitis remains the interruption 
of the spread of the infectious agent to infants and to the young age 
group of children who develop bronchiolitis. Preventing contact of the 
child with individuals who have signs of illness may be helpful, but 
many individuals may have infection that is asymptomatic or mild 
enough that it is unrecognized. Multiple infection-control procedures 
are recommended for RSV and other agents of bronchiolitis, but 
among these the most effective, whether in the hospital or home, are 
good hand hygiene and education of personnel and families (see 
Chapter 160).

decision to administer supplemental oxygen. Additional risk factors  
to consider include underlying chronic conditions, poor feeding,  
clinical respiratory distress, fever, and acidosis, which may shift the 
oxyhemoglobin association curve such that appreciably lower levels of 
Pao2 may occur at Spo2 levels greater than 90%.

Therapeutic agents most frequently used for RSV bronchiolitis 
include bronchodilators, corticosteroids, and antibiotics. Of infants 
hospitalized with RSV infection in North America, Europe, and Aus-
tralia, 75% to 80% were treated with bronchodilating agents, 10% to 
40% were treated with corticosteroids, and 15% to 40% were treated 
with intravenous antibiotics.56 Multiple studies have shown these ther-
apies as inconsistently effective, and none is routinely recommended.2

A Cochrane Review of the use of bronchodilators for bronchiolitis 
concluded that the limited transient improvement using various clini-
cal scoring systems observed was associated with questionable clinical 
benefit.57 A subsequent review of the evidence by the American 
Academy of Pediatrics reached a similar conclusion and recommenda-
tion against the routine use of bronchodilators for infants with initial 
episodes of wheezing.2 The addition of anticholinergic medications to 
the therapeutic regimen has not been shown to improve the course of 
viral bronchiolitis. These recommendations may not apply to children 
who have had recurrent wheezing before the episode of viral 
bronchiolitis.

Multiple trials have examined the use of nebulized, oral, and par-
enteral corticosteroid medications among children with bronchiolitis. 
Most of these trials have not included specific viral identification and 
are heterogeneous in design and in the populations included. Reviews 
that analyzed the randomized and controlled trials concluded that the 
evidence was insufficient to recommend routine use of these medica-
tions for bronchiolitis.58-60

A subsequent large, placebo-controlled trial of oral dexamethasone 
therapy was conducted in 20 emergency departments over three RSV 
seasons among 608 children 2 to 12 months old with their first episode 
of wheezing. Administration of a single oral dose of 1 mg/kg of dexa-
methasone had no effect on the subsequent rate of hospitalization or 
the clinical assessment score, even among children with a family 
history of asthma.61 Review of this and the previous studies resulted in 
the current recommendation that corticosteroid medications should 
not be used routinely in the management of bronchiolitis.2

Nebulized hypertonic saline (most commonly 3 mL of 3% saline 
combined with a bronchodilator delivered by jet nebulization three 

Key References
The complete reference list is available online at Expert Consult.

4. Stockman LJ, Curns AT, Anderson LJ, et al. Respiratory syn-
cytial virus−associated hospitalizations among infants and 
young children in the United States, 1997-2006. Pediatr 
Infect Dis J. 2012;31:5-9.

5. Zhou H, Thompson WW, Viboud CG, et al. Hospitalizations 
associated with influenza and respiratory syncytial virus  
in the United States. 1993-2008. Clin Infect Dis. 2012;54:
1427-1435.

8. Miron D, Srugo I, Kra-Oz Z, et al. Sole pathogen in acute 
bronchiolitis: is there a role for other organisms apart from 
respiratory syncytial virus? Pediatr Infect Dis J. 2010;29:
e7-e10.

9. Brand HK, de Groot R, Galama J, et al. Infection with mul-
tiple viruses is not associated with increased disease severity 
in children with bronchiolitis. Pediatr Pulmonol. 2012;47:
393-400.

11. Papenburg J, Hameli ME, Ouhoummane N, et al. Compari-
son of risk factors for human metapneumovirus and respira-
tory syncytial virus disease severity in young children.  
J Infect Dis. 2012;206:178-179.

16. Prill MM, Iwane MK, Edwards KM, et al. Human coronavi-
rus in young children hospitalized for acute respiratory 
illness and asymptomatic controls. Pediatr Infect Dis J. 2012;
31:235-240.

18. Huguenin A, Moutte L, Renois F, et al. Broad respiratory 
virus detection in infants hospitalized for bronchiolitis by 
use of a Multiplex RT-PCR DNA Microarray System. J Med 
Virol. 2012;84:979-985.

22. Miller KE, Bugna J, Libster R, et al. Human rhinoviruses in 
severe respiratory disease in very low birth weight infants. 
Pediatrics. 2012;129:e60-e67.

26. Corneli HM, Zorc JJ, Holubkov R, et al. Bronchiolitis: clini-
cal characteristics associated with hospitalization and length 
of stay. Pediatr Emerg Care. 2012;28:99-103.

33. Garcia CG, Bhore R, Soriano-Fallas A, et al. Risk factors in 
children hospitalized with RSV bronchiolitis versus 
non-RSV bronchiolitis. Pediatrics. 2010;126:e1453-e1460.

34. Mella C, Suarez-Arrabal MC, Lopez S, et al. Innate immune 
dysfunction is associated with enhanced disease severity in 
infants with severe respiratory syncytial virus bronchiolitis. 
J Infect Dis. 2013;207:564-573.

35. Peck AJ, Holman RC, Curns AT, et al. Lower respiratory 
tract infections among American Indian and Alaska Native 
children and the general population of U.S. children. Pediatr 
Infect Dis J. 2005;24:342-351.

38. Brooks AM, McBride JT, McConnochie KM, et al. Predict-
ing deterioration in previously healthy infants hospitalized 
with respiratory syncytial virus infection. Pediatrics. 1999;
104:463-467.

49. Kuehni CE, Spycher BD, Silverman M. Causal links between 
RSV infection and asthma: no clear answers to an old ques-
tion. Am J Respir Crit Care Med. 2009;179:1079-1080.

53. Senthilkumar K, Sakthivel SK, Whitaker B, et al. Compari-
son of fast-track diagnostics respiratory pathogens multi-
plex real-time RT-PCR assay with in-house singleplex assays 
for comprehensive detection of human respiratory viruses. 
J Virol Meth. 2012;185:259-266.

57. Gadomski AM, Bhasale AL. Bronchodilators for bronchiol-
itis. Cochrane Database Syst Rev. 2010;(12):CD001266.

62. Zhang L, Mendoza-Sassi RA, Wainwright C, Klassen TP. 
Nebulized hypertonic saline solution for acute bronchiolitis 
in infants. Cochrane Database Syst Rev. 2008;(4):CD006458.

63. Donlan M, Fontela PS, Puligandla PS. Use of continuous 
positive airway pressure (CPAP) in acute viral bronchiolitis: 
a systematic review. Pediatr Pulmonol. 2011;46:736-746.

64. Thia LP, McKenzie SA, Blyth TP, et al. Randomised con-
trolled trial of nasal continuous positive airways pressure 
(CPAP) in bronchiolitis. Arch Dis Child. 2008;93:45-47.

65. Martinón-Torres F, Rodríguez-Núñez A, Martinón-Sánchez 
JM. Nasal continuous positive airway pressure with heliox 
versus air oxygen in infants with acute bronchiolitis: a cross-
over study. Pediatrics. 2008;121:e1190-e1195.

66. McKiernan C, Chua LC, Visintainer PF, Allen HJ. High flow 
nasal cannulae therapy in infants with bronchiolitis. Pediat-
rics. 2010;156:634-638.

67. de Klerk A. Humidified high-flow nasal cannula: is it the 
new and improved CPAP? Adv Neonatal Care. 2008;8:
98-106.



C
h

ap
ter 68 Bronchiolitis

822.e1

References
1. Bush A, Thomson A. Acute bronchiolitis. Br Med J. 2007;

335:1037-1041.
2. American Academy of Pediatrics. Diagnosis and manage-

ment of bronchiolitis. Pediatrics. 2006;118:1774-1793.
3. Leader S, Kohlhase K. Recent trends in severe respiratory 

syncytial virus (RSV) among US infants, 1997 to 2000.  
J Pediatr. 2003;143:s127-s132.

4. Stockman LJ, Curns AT, Anderson LJ, et al. Respiratory syn-
cytial virus−associated hospitalizations among infants and 
young children in the United States, 1997-2006. Pediatr 
Infect Dis J. 2012;31:5-9.

5. Zhou H, Thompson WW, Viboud CG, et al. Hospitalizations 
associated with influenza and respiratory syncytial virus in 
the United States. 1993-2008. Clin Infect Dis. 2012;54:
1427-1435.

6. Engle S, Newns G. Proliferative mural bronchiolitis. Arch 
Dis Child. 1940;15:219-229.

7. Hubble D, Osborn G. Acute bronchiolitis in children. Br 
Med J. 1941;1:107-110.

8. Miron D, Srugo I, Kra-Oz Z, et al. Sole pathogen in acute 
bronchiolitis: is there a role for other organisms apart from 
respiratory syncytial virus? Pediatr Infect Dis J. 2010;29:
e7-e10.

9. Brand HK, de Groot R, Galama J, et al. Infection with mul-
tiple viruses is not associated with increased disease severity 
in children with bronchiolitis. Pediatr Pulmonol. 2012;47:
393-400.

10. Weinberg G, Hall C, Iwane M, et al. Parainfluenza virus 
infections of young children: estimates of the population-
based burden of hospitalization. J Pediatr. 2009;154:
694-699.

11. Papenburg J, Hameli ME, Ouhoummane N, et al. Com-
parison of risk factors for human metapneumovirus and 
respiratory syncytial virus disease severity in young chil-
dren. J Infect Dis. 2012;206:178-179.

12. van den Hoogen B, van Doornum G, Fockens J, et al. Preva-
lence and clinical symptoms of human metapneumovirus 
infection in hospitalized patients. J Infect Dis. 2003;188:
1571-1577.

13. Wolf D, Greenberg D, Kalkstein D, et al. Comparison of 
human metapneumovirus, respiratory syncytial virus and 
influenza A virus lower respiratory tract infections in hospi-
talized young children. Pediatr Infect Dis J. 2006;25:320-324.

14 Poehling K, Edwards K, Weinberg G, et al. The underrecog-
nized burden of influenza in young children. N Engl J Med. 
2006;355:31-40.

15. Mansbach J, McAdam A, Clark S, et al. Prospective multi-
center study of the viral etiology of bronchiolitis in the 
emergency department. Acad Emerg Med. 2008;15:111-118.

16. Prill MM, Iwane MK, Edwards KM, et al. Human coronavi-
rus in young children hospitalized for acute respiratory 
illness and asymptomatic controls. Pediatr Infect Dis J. 
2012;31:235-240.

17. Christensen A, Nordbo S, Krokstad S, et al. Human bocavi-
rus commonly involved in multiple viral airway infections. 
J Clin Virol. 2008;41:34-37.

18. Huguenin A, Moutte L, Renois F, et al. Broad respiratory 
virus detection in infants hospitalized for bronchiolitis by 
use of a Multiplex RT-PCR DNA Microarray System. J Med 
Virol. 2012;84:979-985.

19. von Linstow M, Hogh M, Hogh B. Clinical and epidemio-
logic characteristics of human bocavirus in Danish infants: 
results from a prospective birth cohort study. Pediatr Infect 
Dis J. 2008;27:897-902.

20. Brieu N, Guyon G, Rodiere M, et al. Human bocavirus infec-
tion in children with respiratory tract disease. Pediatr Infect 
Dis J. 2008;27:969-973.

21. Mackay I. Human rhinoviruses: the cold wars resume. J Clin 
Virol. 2008;42:297-320.

22. Miller KE, Bugna J, Libster R, et al. Human rhinoviruses in 
severe respiratory disease in very low birth weight infants. 
Pediatrics. 2012;129:e60-e67.

23. Semple M, Cowell A, Dove W, et al. Dual infection of  
infants by human metapneumovirus and human respiratory 

syncytial virus is strongly associated with severe bronchiol-
itis. J Infect Dis. 2005;191:382-386.

24. Lazar I, Weibel C, Dziura J, et al. Human metapneumovirus 
and severity of respiratory syncytial virus disease. Emerg 
Infect Dis. 2004;10:1318-1320.

25. Richard N, Komurian-Pradel F, Javouhey E, et al. The impact 
of dual viral infection in infants admitted to a pediatric 
intensive care unit associated with severe bronchiolitis. 
Pediatr Infect Dis J. 2008;27:213-217.

26. Corneli HM, Zorc JJ, Holubkov R, et al. Bronchiolitis: clini-
cal characteristics associated with hospitalization and length 
of stay. Pediatr Emerg Care. 2012;28:99-103.

27. Shay D, Holman R, Roosevelt G, et al. Bronchiolitis- 
associated mortality and estimates of respiratory syncytial 
virus-associated deaths among US children, 1979-1997.  
J Infect Dis. 2001;183:16-22.

28. Meissner H. Selected populations at increased risk from 
respiratory syncytial virus infection. Pediatr Infect Dis J. 
2003;22:S40-S45.

29. American Academy of Pediatrics. Respiratory syncytial 
virus. In: Pickering LK, Baker CJ, Kimberlin DW, Long SS, 
eds. Red Book: 2012 Report of the Committee on Infectious 
Diseases. 29th ed. Elk Grove Village, IL: American Academy 
of Pediatrics; 2012.

30. Mansbach J, Emond J, Carmago C, et al. Bronchiolitis in US 
emergency departments, 1992 to 2000: epidemiology and 
practice variation. Pediatr Emerg Care. 2005;21:242-247.

31. Simoes E. Environmental and demographic risk factors for 
respiratory syncytial virus lower respiratory tract disease.  
J Pediatr. 2003;143:S118-S126.

32. Hall C, Weinberg G, Iwane M, et al. The burden of respira-
tory syncytial virus infection among healthy children.  
N Engl J Med. 2009;360:588-598.

33. Garcia CG, Bhore R, Soriano-Fallas A, et al. Risk factors 
in children hospitalized with RSV bronchiolitis versus 
non-RSV bronchiolitis. Pediatrics. 2010;126:e1453-e1460.

34. Mella C, Suarez-Arrabal MC, Lopez S, et al. Innate immune 
dysfunction is associated with enhanced disease severity in 
infants with severe respiratory syncytial virus bronchiolitis. 
J Infect Dis. 2013;207:564-573.

35. Peck AJ, Holman RC, Curns AT, et al. Lower respiratory 
tract infections among American Indian and Alaska Native 
children and the general population of U.S. children. Pediatr 
Infect Dis J. 2005;24:342-351.

36. Unger S, Cunningham S. Effect of oxygen supplementation 
on length of stay for infants hospitalized with acute viral 
bronchiolitis. Pediatrics. 2008;121:470-475.

37. Mansbach J, Clark S, Christopher N, et al. Prospective mul-
ticenter study of bronchiolitis: predicting safe discharges 
from the emergency department. Pediatrics. 2008;121:
680-688.

38. Brooks AM, McBride JT, McConnochie KM, et al. Predict-
ing deterioration in previously healthy infants hospitalized 
with respiratory syncytial virus infection. Pediatrics. 1999;
104:463-467.

39. Swingler G, Hussey G, Zwarenstein M. Duration of illness 
in ambulatory children diagnosed with bronchiolitis. Arch 
Pediatr Adolesc Med. 2000;154:997-1000.

40. Church N, Anas N, Hall C, Brooks J. Respiratory syncytial 
virus-related apnea in infants: demographics and outcome. 
Am J Dis Child. 1984;138:247-250.

41. Kneyber M, Brandenburg A, de Groot R, et al. Risk factors 
for respiratory syncytial virus associated apnoea. Eur J 
Pediatr. 1998;157:331-335.

42. Willwerth B, Harper M, Greenes D. Identifying hospitalized 
infants who have bronchiolitis and are at high risk for apnea. 
Ann Emerg Med. 2006;48:441-447.

43. Khoshoo V, Ross G, Kelly B, et al. Benefits of thickened feeds 
in previously healthy infants with respiratory syncytial virus 
bronchiolitis. Pediatr Pulmonol. 2001;31:301-302.

44. Hernandez E, Khoshoo V, Thoppil D, et al. Aspiration: a 
factor in rapidly deteriorating bronchiolitis in previously 
healthy infants? Pediatr Pulmonol. 2002;33:30-31.

45. Kuppermann N, Bank D, Walton E, et al. Risks for bactere-
mia and urinary tract infections in young febrile children 

with bronchiolitis. Arch Pediatr Adolesc Med. 1997;151:
1207-1214.

46 Levine D, Platt S, Dayan P, et al. Risk of serious bacterial 
infection in young febrile infants with respiratory syncytial 
virus infections. Pediatrics. 2004;113:1728-1734.

47. Bilavsky E, Shouval D, Yarden-Bilavsky H, et al. A prospec-
tive study of the risk for serious bacterial infections in hos-
pitalized febrile infants with or without bronchiolitis. 
Pediatr Infect Dis J. 2008;27:269-270.

48. Luginbuhl L, Newman T, Pantell R, et al. Office-based treat-
ment and outcomes for febrile infants with clinically diag-
nosed bronchiolitis. Pediatrics. 2008;122:947-954.

49. Kuehni CE, Spycher BD, Silverman M. Causal links between 
RSV infection and asthma: no clear answers to an old ques-
tion. Am J Respir Crit Care Med. 2009;179:1079-1080.

50. Martinez F. Respiratory syncytial virus bronchiolitis and  
the pathogenesis of childhood asthma. Pediatr Infect Dis J. 
2003;22:S76-S82.

51. Stein R, Sherrill D, Morgan W, et al. Respiratory syncytial 
virus in early life and risk of wheeze and allergy by age 13 
years. Pediatr Infect Dis J. 1999;19:541-545.

52. Henrickson K, Hall C. Diagnostic assays for respiratory syn-
cytial virus disease. Pediatr Infect Dis J. 2007;26:S36-S40.

53. Senthilkumar K, Sakthivel SK, Whitaker B, et al. Compari-
son of fast-track diagnostics respiratory pathogens multi-
plex real-time RT-PCR assay with in-house singleplex assays 
for comprehensive detection of human respiratory viruses. 
J Virol Meth. 2012;185:259-266.

54. Mahesh V, Taussig L. When an infant wheezes: clues to the 
differential. J Respir Dis. 1990;11:739-750.

55. Yanney M, Vyas H. The treatment of bronchiolitis. Arch Dis 
Child. 2008;93:793-798.

56. Behrendt C, Decker M, Burch D, Watson P. International 
variation in the management of infants hospitalized with 
respiratory syncytial virus. Eur J Pediatr. 1998;157:215-220.

57. Gadomski AM, Bhasale AL. Bronchodilators for bronchiol-
itis. Cochrane Database Syst Rev. 2010;(12):CD001266.

58. Agency for Healthcare Research and Quality. Management 
of bronchiolitis in infants and children. Agency for Health-
care Research and Quality: Evid Rep Technol Assess. 2003;
03-E009:1-5.

59. Garrison M, Christakis D, Harvey E, et al. Systemic cortico-
steroids in infant bronchiolitis: a meta-analysis. Pediatrics. 
2000;105:e44.

60. Patel H, Platt R, Lozano J, et al. Glucocorticoids for acute 
viral bronchiolitis in infants and young children. Cochrane 
Database Syst Rev. 2004;4:1-63.

61. Corneli H, Zorc J, Majahan P, et al. A multicenter, random-
ized, controlled trial of dexamethasone for bronchiolitis.  
N Engl J Med. 2007;357:331-339.

62. Zhang L, Mendoza-Sassi RA, Wainwright C, Klassen TP. 
Nebulized hypertonic saline solution for acute bronchiolitis 
in infants. Cochrane Database Syst Rev. 2008;(4):CD006458.

63. Donlan M, Fontela PS, Puligandla PS. Use of continuous 
positive airway pressure (CPAP) in acute viral bronchiolitis: 
a systematic review. Pediatr Pulmonol. 2011;46:736-746.

64. Thia LP, McKenzie SA, Blyth TP, et al. Randomised con-
trolled trial of nasal continuous positive airways pressure 
(CPAP) in bronchiolitis. Arch Dis Child. 2008;93:45-47.

65. Martinón-Torres F, Rodríguez-Núñez A, Martinón-Sánchez 
JM. Nasal continuous positive airway pressure with heliox 
versus air oxygen in infants with acute bronchiolitis: a cross-
over study. Pediatrics. 2008;121:e1190-e1195.

66. McKiernan C, Chua LC, Visintainer PF, Allen HJ. High flow 
nasal cannulae therapy in infants with bronchiolitis. Pediat-
rics. 2010;156:634-638.

67. de Klerk A. Humidified high-flow nasal cannula: is it the 
new and improved CPAP? Adv Neonatal Care. 2008;8:
98-106.

68. Carbonell-Estrany X, Genevieve L, Micki H, Edward C. 
Phase 3 trial of motavizumab (MEDI-524), an enhanced 
potency respiratory syncytial virus (RSV) specific monoclo-
nal antibody (Mab) for the prevention of serious RSV 
disease in high risk infants. Pediatric Academic Societies’ 
Annual Meeting, May 5-8, 2007, Toronto, Canada.


