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Case review
You are awakened in the night to 

respond to a report of difficulty breathing 
in an infant. You arrive to find an eight-
month-old child with a two-day history 
of worsening respiratory distress. The 
parents thought the child was developing 
the flu, but the dyspnea seems much worse 
tonight, so they called 9-1-1. The child has 
a history of Down syndrome but no cardiac 
or respiratory disease history.

The patient is an eight-month-old 
male who weighs approximately six 
kilograms (13 pounds). The child has an 
increased respiratory effort as evidenced 
by intercostal and sternal retractions, 
coughing and inspiratory stridor. The 
fingers and toes are mildly cyanotic 
although the capillary refill time is less 
than two seconds. The infant’s heart rate is 
165 beats per minute, the respiratory rate is 
45 breaths per minute, the pulse oximetry 
value is 85 percent while the infant is 
breathing oxygen through a non-rebreather 
mask, and there is no fever.

Respiratory Syncytial Virus
By Kenneth Navarro, Assistant Professor, Emergency Medicine Education
University of Texas Southwestern Medical Center at Dallas

You and your partner continue high-
flow oxygen therapy while placing the 
child in an upright position to facilitate 
ventilation. You place the patient on 
an ECG monitor, which reveals a sinus 
tachycardia without ectopy. You also place 
the patient on a capnograph, which reveals 
a end-tidal carbon dioxide reading of 55 
mm Hg.

On arrival at the emergency department 
(ED), the child has a slightly depressed 
level of consciousness with occasional 
tonic movements. Blood gas analysis 
confirms a moderate respiratory acidosis. 
The ED staff sedates the infant, intubates 
the child’s trachea, and places the child on 
a mechanical ventilator. Immediately after 
intubation, the tube fills will a thin, frothy 
pink secretion that is easily suctioned. 
The ED physician begins intravenous 
steroid and antibiotic therapy and transfers 
the child to an isolation room in the 
pediatric intensive care unit. Serological 
tests confirm the presence of respiratory 
syncytial virus and sputum secretions do 
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not find any bacteria. After 48 hours, the 
child improves and is extubated.

Introduction
Respiratory syncytial virus (RSV) is 

a potentially life-threatening infection 
commonly associated with pediatric 
patients. However, the virus also represents 
a significant threat to adults, especially 
those with pre-existing respiratory 
problems. This module will explore 
the pathophysiology, assessment and 
management of RSV infections.

After isolating the respiratory syncytial 
virus for the first time, researchers 
attributed RSV to epidemic bronchiolitis 
in infants (Chanock, Roizman, & Myers, 
1957). RSV is the leading cause of viral 
bronchiolitis and pneumonia in the 
pediatric population (Nokes & Cane, 
2008), and many clinicians continue to 
consider RSV to be primarily a pediatric 
pathogen (Henderson, 1987). Over 
two-thirds of all newborns will become 
infected with RSV within the first year 
of their life (Glezen, Taber, Frank, & 
Kasel, 1986). Mortality rates for infants 
are 10 times higher for RSV infections 
than influenza infections, resulting in the 
death of about 3 percent of all infants 
hospitalized with RSV (Thompson et 
al., 2003). Most children who die were 
previously healthy, although certain 
medical conditions increase the chances 
of death, including prematurity, chronic 
lung disease, congenital heart disease 
or immunodeficiency (Boyce, Mellen, 
Mitchel, Wright, & Griffin, 2000; Wang, 
Law, & Stephens, 1995). RSV outbreaks 
have resulted in significant morbidity and 
mortality among patients hospitalized in 
neonatal intensive care units (Abadesso, 
Almeida, Virella, Carreiro, Machado, 
2004; Cox, Rao, & Brandon-Cox, 2001; 
Dizdar et al., 2010; Kilani, 2002; Kurz, 
Herbich, Janata, Sterniste, & Bauer, 2008; 
Thorburn, Kerr, Taylor, & van Saene, 
2004).

More recently, RSV is emerging as 
a significant source of respiratory illness 
among certain adult groups (Dowell et 
al., 1996; Falsey, Hennessey, Formica, 
Cox, & Walsh, 2005; Fleming & Cross, 
1993; La Montagne, 1997; Sikkel, 
Quint, Mallia, Wedzicha, & Johnston, 
2008; Thompson et al., 2003). Reports 
of RSV outbreaks among nursing home 
patients appeared in the 1970s, resulting 
in associated pneumonia with mortality 
rates as high as 55 percent (Agius et al., 
1990; Garvie & Gray, 1980; Hart, 1984; 
Mandal, Joglekar, & Khan, 1985; Public 
Health Laboratory Service Communicable 
Diseases Surveillance Centre, 1983; 
Sorvillo et al., 1984). Researchers have 
established an association between 
chronic cardiopulmonary disease, an 
immunocompromised state and advanced 
age with increased complications in adult 
patients who contract RSV (Griffin et al., 
2002; Englund et al., 1988). RSV may 
also play a role in chronic obstructive 
pulmonary disease (COPD) exacerbation, 
a hypothesis that is supported indirectly 
by seasonal increases in COPD frequency 
that mirror the seasonal frequency of RSV 
hospitalization in children (McManus, 
Coyle, & Kidney, 2006). Experts estimate 
that over 10,000 Americans over the age 
of 65 die each year from complications 
directly association with RSV infection 
(Thompson et al., 2003).

Most RSV infections occur between 
November and May (Brandenburg, 
Neijens, & Osterhaus, 2001) with 
January and February being the peak 
months (Centers for Disease Control and 
Prevention, 2007).

Virology, pathophysiology and 
transmission

Viruses are small pieces of genetic 
material surrounded by a protective protein 
capsule and, in some cases, a secondary 
capsule made of lipids, otherwise known 
as fats. RSV belongs to the same family 
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of viruses that cause measles, mumps 
and parainfluenza. Genetic variations 
of RSV produce various strains, which 
may produce subtle differences in 
disease severity (Hall et al., 1990; 
Martinello, Chen, Weibel, & Kahn, 2002; 
McConnochie, Hall, Walsh, & Roghmann, 
1990; Mufson, Akerlind-Stopner, 
Orvell, Belshe, & Norrby, 1991; Walsh, 
McConnochie, Long, & Hall, 1997) by 
activating alternative chemical responses 
in the human body or through variations 
in viral replication methods (DeVincenzo, 
2004).

RSV infection of the lining of the 
patient’s respiratory tract produces 
changes that promote respiratory distress 
(Atreya & Kulkarni, 1999; Ferris, Aherne, 
Locke, McQuillin, & Gardner, 1973). 
After entering the ciliated host cells, RSV 
causes the cells to swell and protrude 
into the airway lumen, thereby narrowing 
the passageway for airflow. The cilia 
become ineffective at clearing away mucus 
(Mohapatra & Boyapalle, 2008). RSV 
also causes the infected cell to fuse with 
adjacent cells creating a large mass of 
protoplasm containing many nuclei. This 
multi-nucleated mass is called a syncytium 
(sin sish’ e əm).

Swelling and merging of the 
respiratory tract lining subsequently fills 
the airway lumen with mucus and cellular 
debris. In an attempt to fight the viral 
invasion, white blood cells rush into the 
tissue surrounding the airway, resulting in 
peri-bronchiolar swelling. These conditions 
combine to completely obstruct the smaller 
bronchioles during exhalation. Inhalation 
allows sufficient dilation of the bronchioles 
to permit air entry however, obstruction 
during exhalation results in air trapping 
and hyperinflation of the patient’s alveoli. 
The patient begins accumulating carbon 
dioxide resulting in respiratory acidosis 
and hypoxemia.

Although transmission of the virus to 
your body increases the chances of you 

becoming ill, exposure and transmission 
does not necessarily mean that you will 
get sick. There are a variety of factors that 
determine whether exposure to the virus 
results in illness.

RSV is transmitted from person to 
person through close contact, droplets, or 
fomites (Mohapatra & Boyapalle, 2008). In 
direct transmission, the person carrying the 
virus directly contaminates a susceptible 
host through physical contact. If an 
infected patient touches your bare skin for 
example, the virus could transfer from the 
patient to you. Inadequate disinfection of 
your skin following direct contact could 
allow the virus to colonize your body.

Indirect transmission occurs when 
people touch fomites, the formal name 
for contaminated non-living objects. 
Fomites can be gloves, paper tissues, 
doorknobs, water faucets or any surface 
in the back of the ambulance. Many types 
of infectious organisms can survive for 
extended periods on stretchers, oxygen 
regulators, stethoscopes or ECG cables. 
RSV in secretions can survive for hours 
on countertops, gloves and tissue and can 
remain infectious for about half an hour on 
skin surfaces (Wong, 1995). 

When patients colonized with 
infectious viruses cough or sneeze into the 
open, tiny water droplets containing the 
virus can float in the air. If someone else 
inhales those droplets, the virus moves 
from one person to another via the airborne 
route. Droplets not inhaled can settle onto 
surfaces with dust particles, which can 
become airborne again when disturbed.

A virus that lands on your skin 
or mucus membranes results in 
contamination. It does not necessarily 
mean that the virus will stay around long 
enough to cause any problems. The virus 
must survive your body’s natural defense 
mechanisms. For example, viruses that 
land on the surface of your skin must 
withstand the harsh environmental 
conditions present. Viruses that land 
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on your respiratory membranes must 
overcome the action of mucus and 
cilia, which protect airway structures. 
If the virus can survive, contamination 
becomes colonization as the virus begins 
reproducing (Creager, Black, & Davison, 
1990).

Under normal circumstances, you do 
not get sick following contamination or 
colonization regardless of the exposure 
route. The human body has many 
additional protective mechanisms that keep 
viruses from causing disease. However, 
if the virus can get past your defenses, 
you could develop a infection. Even if the 
infection never develops, you can spread 
the virus to other patients.

RSV infection begins when a virus 
binds to the host cell (Falsey, 2007). 
Binding requires proteins on the RSV 
surface membrane to interact with proteins 
on the host cell membrane (Miyairi & 
DeVincenzo, 2008). Once binding occurs, 
the virus injects the host cell with a small 
piece of genetic material that hijacks the 
protein manufacturing machinery of that 
cell. Once this happens, the host cell stops 
performing its normal functions and begins 
creating new viruses. Because this viral 
replication occurs within normal cells, 
your protective white blood cells cannot 
get to the virus to stop them.

Young adults can shed the respiratory 
syncytial virus and remain infectious for 
three to six days (Hall, Hall, Speers, 1978); 
infants can be infectious up to three times 
longer (Hall, Douglas, & Geiman, 1976).

The fact that RSV infections can 
occur throughout an individual’s lifespan 
indicates that infection and recovery does 
not provide complete immunity (Falsey, 
2007). However, animal and human 
studies suggest that prior infection induces 
antibody response that can provide at 
least partial immunity and mitigate future 
disease severity (Lamprecht, Krause, 
& Mufson, 1976; Walsh, Hall, Briselli, 
Brandriss, & Schlesinger, 1987; Walsh, 

Schlesinger, & Brandriss, 1984). To date, 
researchers have failed to produce an 
approved vaccine against RSV (Nokes 
& Cane, 2008), however, researchers 
have identified several candidates for an 
effective RSV vaccine (Falsey & Walsh, 
1996; Teng et al., 2000; Wright et al., 
2000).

Assessment
It is often difficult to distinguish RSV 

infection from influenza or other upper 
respiratory tract infections. The presence 
of bronchiolitis in infants suggests the 
presence of RSV (Falsey, 2007). No 
strong predictor exists for adult patients, 
as most present with nasal congestion 
and cough, which overlap any number of 
wintertime viruses. Definitive diagnosis 
of RSV infection requires laboratory 
testing.

RSV infection appears as a mild to 
moderately severe upper respiratory 
illness (Johnson, Bloom, Mufson, & 
Chanock, 1962). In the initial stages, 
most patients have a runny nose, cough 
or sneeze and suffer from a sore throat. 
About one-fourth of young adults 
will develop lower respiratory tract 
symptoms and about half will experience 
fever (Hall, Long, & Schnabel, 2001). 
Wheezing is also a common symptom in 
infants and young children.

As the infection progresses, the 
wheezing and coughing becomes more 
pronounced. The patient may have an 
increased work of breathing that includes 
the use of accessory respiratory muscles. 
With increased air hunger and hypoxemia 
comes cyanosis.

Late in the disease progression, the 
patient will experience a decreased level 
of consciousness. Although the patient 
may exhibit profound tachypnea, there 
will be poor air exchange resulting in 
decreased or absent breath sounds. The 
patient may periodically experience 
apneic spells.
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Treatment
Most patients with RSV infection 

require symptom treatment only. You 
should ensure adequate oxygenation and 
minimize any unpleasant symptoms the 
patient experiences. Allow the patient to 
assume any position that provides optimal 
ventilatory effort.

Administer enough oxygen to keep 
the patient from becoming hypoxemic. 
In all but the most severe cases, nasal 
cannula oxygen administration will result 
in immediate improvement of pulse 
oximetry readings and begin to alleviate 
some of the distress. Certainly if there is no 
improvement, use higher flow rates.

Patients infected with RSV rarely need 
large volumes of intravenous (IV) fluid. 
If the patient is responding well to non-
invasive therapy, there is no need to stick 
them with a needle. However, consider 
the potential of IV drug administration 
and if needed, secure venous access. An 
acceptable alternative to the traditional 
IV is the use of a saline lock. Infants and 
young children may become dehydrated 
more rapidly than adults because of 
increased respiratory rates and decreased 
oral intake. They may be unable to 
access fluids themselves and may require 
supplemental IV fluids, but only if 
depleted.

Patients who are wheezing may benefit 
from the prehospital administration of 
inhaled bronchodilators. This class of 
medication acts on the beta-receptors in 
the body. There are two types of beta-
receptors, designated as beta-one and 
beta-two. Stimulation of beta-one receptors 
will produce tachycardia, nausea, and will 
make the patient jittery. These side effects 
are not particularly beneficial in treating 
dyspnea. Beta-two receptor stimulation 
causes bronchodilation, among other 
things. This bronchodilation will protect 
the patient against any bronchoconstrictive 
stimuli. In addition, they enhance 
mucociliary clearance. 

Two common beta-agonists used 
in the prehospital setting are albuterol 
and epinephrine. Epinephrine has strong 
beta-one and strong beta-two properties. 
Albuterol has strong beta-two properties 
and much weaker beta-one properties.

Beta‑two agonists administered 
by inhalation via metered‑dose inhaler 
(MDI) or small‑volume nebulizer (SVN) 
to both adults and children have several 
advantages. These routes act in less than 
five minutes and have the fewest beta‑one 
side effects. The optimal dose is titratable 
and patient‑specific.

Begin with albuterol 2.5 mg in 3 ml 
normal saline via small volume nebulizer 
with oxygen set at 6 liters/min. You may 
use the same dose for the pediatric patient 
that you do for the adult patient. Do not 
be discouraged if the patient does not 
immediately improve following the first 
dose. Repetitive administration of albuterol 
produces incremental bronchodilation. 
Some patients will demonstrate clinical 
improvement after the first or second 
dose; some will require several more. 
Since albuterol stimulates the sympathetic 
nervous system, higher doses can result in 
rapid or irregular heart rate, shakiness or 
nervousness, and/or nausea.

The other beta-two agonist, 
epinephrine, relaxes bronchial smooth 
muscles although its effects on alpha-
receptors causes constriction of the 
bronchial arterioles. Epinephrine reduces 
congestion and edema and, thus, improves 
pulmonary function. It has an onset 
of detectable systemic levels within 
five to ten minutes after subcutaneous 
injection and reaches peak blood levels 
between twenty and forty minutes later. 
Its bronchodilating effects last up to four 
hours. A 0.3 - 0.5 milligram subcutaneous 
injection of epinephrine 1:1,000 given to a 
conscious patient who is not exhausted and 
has adequate baseline cardiopulmonary 
reserves may provide immediate 
bronchodilation and eliminate the need 
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for intubation. Unfortunately, epinephrine 
increases myocardial irritability and may 
precipitate cardiac dysrhythmia.

Although case reports and studies 
involving very small patient samples 
demonstrate reduction in work of breathing 
and improvement in gas exchange with 
continuous positive airway pressure 
(CPAP) therapy for bronchiolitis (Beasley 
& Jones, 1981; Cambonie et al., 2008; 
McNamara & Sullivan, 1997), there are 
no trials that definitively show the utility 
of CPAP for these patients. Although, 
CPAP may prevent collapse and complete 
obstruction in smaller airways, the therapy 
may contribute to alveolar overinflation 
(Greenough, 2009).

Infection control
Clustering of RSV infections within 

specific areas of the hospital suggest that 
health care personnel are quite capable 
of acting as a vector for person to person 
transmission (Falsey, Treanor, Betts, & 
Walsh, 1992). Since health care workers 
are capable of transmitting the virus from 
infected to non-infected patients, you play 
an important role in stopping the spread 
of RSV. Most experts agree that proper 
hand washing is the single most effective 
way of preventing the spread of infection 
(Fridkin & Raynes, 1999). Unfortunately, 
health care providers across multiple 
disciplines do not wash their hands as often 
or as effectively as they should (Karabey, 
Ay, Derbentli, Nakipoglu, & Esen, 2002; 
Pittet, Mourouga, Perneger, 1999). Medical 
personnel could significantly reduce the 
rate of pathogen colonization by increasing 
hand hygiene compliance (Sebille, 
Cheveret, & Valleron, 1997; Pittet et al., 
2000).

In the field, where soap and water are 
not immediately available, you should use 
commercial waterless hand cleaners. Upon 
arrival at the hospital, wash your hands as 
soon as possible after transferring patient 
care to the emergency department staff.

Wear disposable, single-use gloves 
for all patient contact and change them 
when moving from one patient to 
another or when they become heavily 
soiled. However, wearing gloves is not a 
substitute for proper hand washing.

Proper decontamination of the patient 
care compartment is essential after 
delivering the patient to the hospital. The 
respiratory syncytial virus can remain 
active on non-porous surfaces, skin and 
gloves for many hours (Hall & Douglas, 
1981). One of the most important 
equipment decontamination practices is to 
clean surfaces with soap and water before 
disinfection (Rutala, 1996). Cleaning 
removes the foreign material from the 
objects while disinfection removes the 
microorganisms. Before disinfecting, 
clean with soap and water all equipment 
that was exposed to the patient or your 
gloves. This includes the stethoscope, 
blood pressure cuff, ECG monitor 
cable, stretcher, and clipboard. Once 
clean, wipe all surfaces in the patient 
care compartment with a disinfectant 
and allow the surfaces to air-dry. The 
disinfectant should be a commercial 
solution or a 1:10 concentration of 
household bleach and water (Goodman & 
Cone, 2001).

Summary
RSV is a common virus that can 

produce life-threatening complications 
in both pediatric and adult patients. RSV 
produces symptoms that are similar to 
the common cold or flu and is the most 
common cause of bronchiolitis in infants. 
Bacterial infection can complicate RSV 
infection resulting in pneumonia and 
the need for mechanical ventilation. 
The virus is easily transmitted from one 
person to another and EMS professionals 
must take adequate precautions to protect 
themselves and other patients from viral 
transmission.



36  Texas EMS Magazine January/February 2012

References
Abadesso, C., Almeida, H. I., Virella, D., Carreiro, M. H., & Machado, 

M. C. (2004). Use of palivizumab to control an outbreak of 
syncytial respiratory virus in a neonatal intensive care unit. 
Journal of Hospital Infection, 58(1), 38-41. DOI: 10.1016/
j.jhin.2004.04.024.

Agius, G., Dindinaud, G., Biggar, R. J., Peyre, R., Vaillant, V., 
Ranger, S., Poupet, J. Y., Cisse, M. F., & Castets. M. (1990). 
An epidemic of respiratory syncytial virus in elderly people: 
clinical and serological findings. Journal of Medical Virology, 
30(2), 117-127. DOI: 10.1002/jmv.1890300208.

Atreya, P. L. & Kulkarni, S. (1999). Respiratory syncytial virus strain 
A2 is resistant to the antiviral effects of type I interferons and 
human MxA. Virology, 261, 227-241.

Beasley, J. M. & Jones, S. E. (1981). Continuous positive airway 
pressure in bronchiolitis. British Medical Journal (Clinical 
Research Edition), 283, 1506-1508.

Boyce, T. G., B. G. Mellen, E. F. Mitchel, Jr., P. F. Wright, & M. 
R. Griffin. (2000). Rates of hospitalization for respiratory 
syncytial virus infection among children in Medicaid. Journal 
of Pediatrics, 137, 865-870.

Brandenburg, A. H., Neijens, H. J. & Osterhaus, A. D. M. E. (2001). 
Pathogenesis of RSV lower respiratory tract infection: 
implications for vaccine development. Vaccine, 19(20-22), 
2769-2782. DOI: 10.1016/S0264-410X(00)00536-3.

Cambonie, G., Milesi, C., Jaber, S., Amsallem, F., Barbotte, E., Picaud, 
J. C., & Matecki, S. (2008). Nasal continuous positive airway 
pressure decreases respiratory muscles overload in young 
infants with severe acute viral bronchiolitis. Intensive Care 
Medicine, 34(10), 1865-1872.

Centers for Disease Control and Prevention. (2007). Respiratory 
syncytial virus activity—United States, July 2006-November 
2007. Morbidity and Mortality Weekly Report, 56(58), 1263-
1265.

Chanock, R., Roizman, B., & Myers, R. (1957). Recovery from infants 
with respiratory illness of a virus related to chimpanzee coryza 
agent (CCA). American Journal of Hygiene, 66(3), 281-290.

Cox, R. A., Rao, P., & Brandon-Cox, C. (2001). The use of 
palivizumab monoclonal antibody to control an outbreak of 
respiratory syncytial virus infection in a special care baby 
unite. Journal of Hospital Infection, 48(3), 186-192. DOI: 
10.1053/jhin.2001.1002.

Creager, J. C., Black, J. G., & Davison, V. E. (1990). Microbiology: 
Principles and applications. Englewood Cliffs, NJ: Prentice 
Hall.

DeVincenzo, J. P. (2004). Natural infection of infants with respiratory 
syncytial virus subgroups A and B: a study of frequency, 
disease severity and viral load. Pediatric Research, 56, 914-
917.

Dizdar, E. A., Aydemir, C., Erdeve, O., Sari, F. N., Oguz, S., Uras, N., 
& Dilmen, U. (2010). Respiratory syncytial virus outbreak 
defined by rapid screening in a neonatal intensive care unit. 
Journal of Hospital Infection, 75(4), 292-294. DOI: 10.1016/
j.jhin.2010.01.013.

Dowell, S. F., Anderson, L. J., Gary, H. E. Jr,, Erdman, D. D., 
Plouffe, J. F., File, T. M. Jr., Marston, B. J., & Breiman, R. 
F. (1996). Respiratory syncytial virus is an important cause 
of community-acquired lower respiratory infection among 
hospitalized adults. Journal of Infectious Disease, 174(3), 
456-462.

Englund, J. A., Sullivan, C. J., Jordan, M. C., Dehner, L. P., Vercellotti, 
G. M., & Balfour, H. H. Jr. (1988). Respiratory syncytial virus 
infection in immunocompromised adults. Annals of Internal 
Medicine, 109(3), 203-208.

Falsey, A. R. (2007). Respiratory syncytial virus infection in adults. 
Seminars is Respiratory and Critical Care Medicine, 28, 
171–181. doi: 10.1055/s-2007-976489

Falsey, A. R., Hennessey, P. A., Formica, M. A., Cox, C., & Walsh, E. 
E. (2005). Respiratory syncytial virus infection in elderly and 
high-risk adults. New England Journal of Medicine, 352(17), 
1749-1759.

Falsey, A. R., Treanor, J. J., Betts, R. F., & Walsh, E. E. (1992). Viral 
respiratory infections in the institutionalized elderly: clinical 
and epidemiologic findings. Journal of the American Geriatric 
Society, 40, 115-119.

Falsey, A. R. & Walsh, E. E. (1996). Safety and immunogenicity 
of a respiratory syncytial virus subunit vaccine (PFP-2) in 
ambulatory adults over age 60. Vaccine, 14, 1214-1218.

Ferris, J. A., W. A. Aherne, W. S. Locke, J. McQuillin, & P. S. Gardner. 
(1973). Sudden and unexpected deaths in infants: Histology 
and virology. British Medical Journal, 2, 439-442.

Fleming, D. M. & Cross, K. W. (1993). Respiratory syncytial virus or 
influenza? Lancet, 342(8886-8887), 1507-1510. DOI: 10.1016/
S0140-6736(05)80082-0.

Fridkin, S. K. & Raynes, R. P. (1999). Antimicrobial resistance in 
intensive care units. Clinics in Chest Medicine, 20(2), 303-316.

Garvie, D. G., & Gray, J. (1980). Outbreak of respiratory syncytial 
virus infection in the elderly. British Medical Journal, 
281(6250), 1253-1254.

Glezen, W. P., Taber, L. H., Frank, A. L., & Kasel, J. A. (1986). Risk 
of primary infection and reinfection with respiratory syncytial 
virus. American Journal of Diseases of Children, 140(6), 
543-546.

Goodman, C. S. & Cone, D. C. (2001). Emergency medical services 
equipment hygiene practices. Prehospital Emergency Care, 
5(2), 169-173.

Greenough, A. (2009). Role of ventilation in RSV disease: CPAP, 
ventilation, HFO, ECMO. Paediatric Respiratory Reviews, 
10(1), 26-28. DOI: 10.1016/S1526-0542(09)70012-0.

Griffin, M., Coffey, C. S., Neuzil, K. M., Mitchel, E. F., Wright, P. 
F., & Edwards. K. (2002). Winter viruses: influenza and 
respiratory syncytial virus–related morbidity in chronic lung 
disease. Archives of Internal Medicine, 162(11), 1229-1236.

Hall, C. B. & Douglas, R. G. (1981). Modes of transmission of 
respiratory syncytial virus. Journal of Pediatrics, 99, 100-103.

Hall, C. B., Douglas, R. G., & Geiman, J. M. (1976). Respiratory 
syncytial virus infections in infants: Quantitation and duration 
of shedding. Journal of Pediatrics, 89, 11-15.

Hall, C. B., Long, C. E., & Schnabel, K. C. (2001). Respiratory 
syncytial virus infections in previously healthy working adults. 
Clinical Infectious Diseases, 33, 792-796.

Hall, C. B., Walsh, E. E., Schnabel, K. C., Long, C. E., McConnochie, 
K. M., Hildreth, S. W., & Anderson, L. J. (1990). Occurrence 
of groups A and B of respiratory syncytial virus over 15 
years: Associated epidemiologic and clinical characteristics 
in hospitalized and ambulatory children. Journal of Infectious 
Diseases, 162(6), 1283-1290. DOI: 10.1093/infdis/162.6.1283.

Hall, W. J., Hall, C. B., & Speers, D. M. (1978). Respiratory syncytial 
virus infection in adults: Clinical, virologic, and serial 
pulmonary function studies. Annals of Internal Medicine, 88, 
203-205.

Hart, R. J. (1984). An outbreak of respiratory syncytial virus infection 
in an old people’s home. Journal of Infection, 8(3), 259-261. 
DOI: 10.1016/S0163-4453(84)94075-1.

Henderson, F. W. (1987). Pulmonary infections with respiratory 
syncytial virus and the parainfluenza viruses. Seminars in 
Respiratory Infections, 2(2), 112-121.

Jagoda, A., Shepherd, S. M., Spevitz, A., & Joseph, M. M. (1997). 
Refractory asthma, part 1: Epidemiology, pathophysiology, 
pharmacologic interventions. Annals of Emergency Medicine, 
29, 262-274.

Johnson, K. M., Bloom, H. H., Mufson, M. A., & Chanock, R. M. 
(1962). Natural infection of adults by respiratory syncytial 
virus: Possible relation to mild upper respiratory disease. New 
England Journal of Medicine, 267, 68-72.

Karabey, S., Ay, P., Derbentli, S., Nakipoglu, Y., & Esen, F. (2002). 
Hand washing frequencies in an intensive care unit. 
Journal of Hospital Infections, 50(1), 36-41. DOI: 10.1053/
jhin.2001.1132.

Kilani, R. A. (2002). Respiratory syncytial virus outbreak in the NICU: 
Description of eight cases. Journal of Tropical Paediatrics, 
48(2), 118-122.

Kurz, H., Herbich, K., Janata, O., Sterniste, W., & Bauer, K. (2008). 
Experience with the use of palivizumab together with infection 
control measures to prevent respiratory syncytial virus 
outbreaks in neonatal intensive care units. Journal of Hospital 
Infection, 70(3), 246-252. DOI: 10.1016/j.jhin.2008.07.013.

La Montagne, J. R. (1997). RSV pneumonia, a community-acquired 
infection in adults. Lancet, 349(9046), 149-150. DOI: 10.1016/
S0140-6736(05)60974-9.

Lamprecht, C. L., Krause, H. E., & Mufson, M. A. (1976). Role of 
maternal antibody in pneumonia and bronchiolitis due to 
respiratory syncytial virus. Journal of Infectious Diseases, 
134, 211-217.

McNamara, F. & Sullivan, C. E. (1997). Nasal CPAP treatment in 
an infant with respiratory syncytial virus-associated apnea. 
Pediatric Pulmonology, 24, 218-221.

Mandal, S. K., Joglekar, V. M., & Khan, A. S. (1985). An outbreak 
of respiratory syncytial virus infection in a continuing-care 
geriatric ward. Age and Ageing, 14(3), 184-186. DOI: 10.1093/
ageing/14.3.184.

Martinello, R. A., Chen, M. D., Weibel, C. & Kahn, J. S. (2002). 
Correlation between respiratory syncytial virus genotype and 
severity of illness. Journal of Infectious Disease, 186, 839-842.

McConnochie, K. M., Hall, C. B., Walsh, E. E., & Roghmann, K. J. 
(1990). Variation in severity of respiratory syncytial virus 
infections with subtype. Journal of Pediatrics, 117, 52-62.

McManus, T. E., Coyle, P. V., & Kidney, J. C. (2006). Childhood 
respiratory infections and hospital admissions for COPD. 
Respiratory Medicine, 100(3), 512-518. DOI: 10.1016/
j.rmed.2005.06.001.

Miyairi, I. & DeVincenzo, J. P. (2008). Human genetic factors 

and respiratory syncytial virus disease severity. Clinical 
Microbiology Reviews, 21(4), 686-703. DOI: 10.1128/
CMR.00017-08.

Mohapatra, S. S. & Boyapalle, B. (2008). Epidemiologic, experimental, 
and clinical links between respiratory syncytial virus infection 
and asthma. Clinical Microbiology Reviews, 21(4), 495-504. 
DOI: 10.1128/CMR.00054-07.

Mufson, M. A., Akerlind-Stopner, B., Orvell, C., Belshe, R. B., & 
Norrby, E., (1991). A single-season epidemic with respiratory 
syncytial virus subgroup B2 during 10 epidemic years, 1978 to 
1988. Journal of Clinical Microbiology, 29, 162-165.

Nokes, J. D. & Cane, P. A. (2008). New strategies for control of 
respiratory syncytial virus infection. Current Opinion 
in Infectious Diseases, 21(6), 639–643. DOI: 10.1097/
QCO.0b013e3283184245.

Oates, J. & Wood, A. (1988). Ipratropium bromide. New England 
Journal of Medicine, 319, 486-493.

Pittet, D., Hugonnet, S., Harbarth, S., Mourouga, P., Sauvan, V., 
Touveneau, S., & Perneger, T. V. (2000). Effectiveness of a 
hospital-wide programme to improve compliance with hand 
hygiene. Lancet, 356(9238), 1307-1312. DOI: 10.1016/S0140-
6736(00)02814-2.

Pittet, D., Mourouga, P., & Perneger, T. V. (1999). Compliance with 
handwashing in a teaching hospital. Annals of Internal 
Medicine, 130(2), 126-130.

Public Health Laboratory Service Communicable Diseases 
Surveillance Centre. (1983). Respiratory syncytial virus 
infection in the elderly, 1976–1982. British Medical Journal 
(Clinical Research Edition), 287(6405), 1618-1619.

Rutala, W. A. (1996). Association for professionals in infection control 
guidelines for selection and use of disinfectants. American 
Journal of Infection Control, 24(4), 313-342. DOI: 10.1016/
S0196-6553(96)90065-6.

Sebille, V., Cheveret, S., & Valleron, A. J. (1997). Modeling the spread 
of resistant nosocomial pathogens in an intensive-care unit. 
Infection Control and Hospital Epidemiology, 18(2), 84-92.

Sikkel, M. B., Quint, J. K., Mallia, P., Wedzicha, J. A., & Johnston, 
S. L. (2008). Respiratory syncytial virus persistence in 
chronic obstructive pulmonary disease. Pediatric Infectious 
Disease Journal, 27(10), S63-S70. DOI: 10.1097/
INF.0b013e3181684d67.

Sorvillo, F. J., Huie, S. F., Strassburg, M. A., Butsumyo, A., Shandera, 
W. X., & Fannin, S. L. (1984). An outbreak of respiratory 
syncytial virus pneumonia in a nursing home for the elderly. 
Journal of Infection, 9(3), 252-256. DOI: 10.1016/S0163-
4453(84)90530-9.

Teng, M. N., Whitehead, S. S., Bermingham, A., St. Claire, M., Elkins, 
W. R., Murphy, B. R., & Collins, P. L. (2000). Recombinant 
respiratory syncytial virus that does not express the NS1 
or M2-2 protein is highly attenuated and immunogenic in 
chimpanzees. Journal of Virology, 74, 9317-9321.

Thompson, W. W., Shay, D. K., Weintraub, E., Brammer, L., Cox, N., 
Anderson, L. J., & Fukuda, K. (2003). Mortality associated 
with influenza and respiratory syncytial virus in the United 
States. Journal of the American Medical Association, 289(2), 
179-186. DOI: 10.1001/jama.289.2.179.

Thorburn, K., Kerr, S., Taylor, N., & van Saene, H. K. (2004). RSV 
outbreak in a paediatric intensive care unit. Journal of Hospital 
Infection, 57(3), 194-201. DOI: 10.1016/j.jhin.2004.03.013.

Walsh, E. E., Hall, C. B., Briselli, M., Brandriss, M. W., & Schlesinger, 
J. J. (1987). Immunization with glycoprotein subunits of 
respiratory syncytial virus to protect cotton rats against viral 
infection. Journal of Infectious Disease, 155, 1198-1204.

Walsh, E. E., McConnochie, K. M., Long, C. E. & Hall, C. B. (1997). 
Severity of respiratory syncytial virus infection is related to 
virus strain. Journal of Infectious Disease, 175, 814-820.

Walsh, E. E., Schlesinger, J. J., & Brandriss, M. (1984). Protection 
from respiratory syncytial virus infection in cotton rats by 
passive transfer of monoclonal antibodies. Infection and 
Immunity, 43, 756-758.

Wang, E. E., Law, B. J., & Stephens, D. (1995). Pediatric Investigators 
Collaborative Network on Infections in Canada (PICNIC) 
prospective study of risk factors and outcomes in patients 
hospitalized with respiratory syncytial viral lower respiratory 
tract infection. Journal of Pediatrics, 126, 212-219.

Wong, D. L. (1995). Nursing care of infants and children (5th ed.). St. 
Louis, MO: Mosby.

Wright, P. F., Karron, R. A., Belshe, R. B., Thompson, J., Crowe, J. E. 
Jr., Boyce, T. G., Halburnt, L. L., Reed, G. W., Whitehead, S. 
S., Anderson, E. L., Wittek, A. E., Casey, R., Eichelberger, M., 
Thumar, B., Randolph, V. B., Udem, S. A., Chanock, R. M,, 
& Murphy, B. R. (2000). Evaluation of a live, cold-passaged, 
temperature-sensitive, respiratory syncytial virus vaccine 
candidate in infancy. Journal of Infectious Disease, 182, 
1331-1342.


