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Abstract. Respiratory syncytial virus (RSV) is the most common cause of lower respiratory tract 
disease in infants and young children. Most infections due to RSV are mild and do not require 
hospitalization. RSV causes both upper respiratory tract infections as well as lower respiratory tract 
infections. Infants with underlying disease states like bronchopulmonary dyslasia, congenital heart 
d~sease and prematurity appear more prone to develop severe infection and have a higher 
incidence of hospitalization. The exact pathogenesis of RSV is not well understood. The mortality 
associated with primary RSV infection in healthy children is estimated to be between .005% to 
.02%. In hospitalized children the mortality rate is estimated to be from 1% to 3%. Several 
treatment modalities in the form of bronchodilators, corticosteroids, ribavirin, intravenous immune 
gammaglobulin and antibiotics are available. Studies have failed to show the true beneficial effect 
of any of the above treatment modalities. Supportive care is only needed. The best treatment is the 
supportive care in the form of oxygen and fluids and close monitoring of the vital signs including 
oxygen saturation. (Indian J Pediatr 1998; 65 : 355-362) 
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Resp i ra to ry  syncy t ia l  v i rus  (RSV) L2 is the 
mos t  impor t an t  cause  of lower  resp i ra tory  
tract disease in infants and  young  children. 
Most  infect ions d u e  to RSV are mi ld  and  
do not  require  hospi ta l iza t ion .  RSV infec- 
t ion resu l t ing  in hosp i t a l i za t i on  invo lves  
lower  respira tory tract  infection and mani-  
fests mos t ly  as bronchiol i t is  1,3 in young  in- 
fants.  Infants  wi th  u n d e r l y i n g  d isease  
s ta tes  like b r o n c h o p u l m o n a r y  dysp la s i a  4 
congenital  hear t  disease,  and  p rema tu r i t y  s 
are m o r e  p r o n e  to severe  infections.  Pri- 
m a r y  RSV infect ions occur  mos t  often be-  
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tween the ages of six weeks and two years. 
The highest  incidence of RSV bronchiolit is 
and pneumonia  is be tween  the ages of two 
and six months .  RSV infect ion is rare in 
children less than one month  of age. 

Respiratory syncytial  virus was first iso- 
la ted in 19553, ", 7, ~ f rom ch impanzees ,  and  
its infectivity in h u m a n s  was d o c u m e n t e d  
one yea r  later. It was  n a m e d  re sp i r a to ry  
syncytial  virus because  of its characteristic 
abili ty to induce syncyt ia  in the tissue cul- 
ture ce l l s . 'Ep idemics ;  of RSV occur  each 
winter ,  and  this v i rus  is seen t h r o u g h o u t  
the world.  It has been es t imated that  in the 
Uni ted States, every  year  100,000 chi ldren 
are hosp i ta l i zed ,  and  abou t  4500 
mortalities per  year  have  been at tr ibuted to 
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this virus in infants and children. 
Agent RSV 8, 9 is a polymorphic envel- 

oped cytoplasmic virus containing single- 
stranded, negative-sence RNA. The RNA is 
associated with viral proteins, consisting of 
a nucleocapsid core that is packaged 
within the lipid envelope. RSV is classified 
in the genus pneumovirus, which belongs 
to the family of paramyxoviridae. 

EPIDEMIOLOGY 

RSV infection has a clear-cut epidemic na- 
ture throughout  the world. In temperate 
climates it usually occurs during the fall 
winter. It usually begins in late fall and 
peaks in November to March. The epi- 
demic lasts for five to six months and 
peaks during the third and fourth month. 
The incidence of primary infection ~~ rate is 
about 69% during the first year of life and 
83% during the second year of life. Risk of 
reinfection is about 33% during the first 
four years of life. The incidence of primary 
infection in daycare centres is higher, 
reaching almost 100% in young infants and 
60%-80% in older infants. 

TRANSMISSION 

RSV infections are transmitted by large 
droplets, through fomite contamination or 
by direct contamination with infected se- 
cretions. Close contact appears to be neces- 
sary for infections to spread from person to 
person. In a recent study, 40% to 60% of the 
patients stopped shedding RSV 8-10 days 
after the onset of illness. Some infants can 
shed RSV for up to 3-4 weeks or longer. 
Longer periods of virus shedding have 
been noted in immunocompromised chil- 
dren and shorter periods in older children. 

RISK FACTOR 

Several risk factors ~,12 for RSV lower respi- 
ratory tract infection have been described. 
In early months of life, the infections are 
most common in males. Lower socioeco- 
nomic status predisposes these infants to 
higher incidence of RSV. Breast-feeding for 
longer than one month has a protective 
role, especially for those infants of mothers 
with lower socioeconomic status. The role 
of atopic predisposition ~ to severe RSV in- 
fection is controversial. Many studies 1~ 
have shown that maternal smoking in- 
creases the risk of all respiratory virus in- 
fections in infants. 

PATHOGENESIS 

Despite the large number of studies ~.2 on 
the pathogenesis of RSV infection in hu- 
mans and experimental animals, the cur- 
rent information is fragmentary and the 
mechanism of the disease is not well un- 
derstood. Studies in humans have been dif- 
ficult to undertake because the infection 
occurs most frequently in young infants 
with extremely low mortality. Several facts 
suggest immunologic injury as a factor in 
the pathogenesis of bronchiolitis due to 
RSV. There appears to be a delicate balance 
between immunopathology and 
immunoprotection, but the precise mecha- 
nism is still unknown. 

PATHOLOGY 

RSV infects respiratory epithelial cells. In 
addition, hufnan blood mononuclear cells 
and human alveolar macrophages have 
been shown to be infected with RSV. Organ 
systems outside the respiratory tract do not 
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become infected in patients with normal 
immune systems; however,  in an 
immunocompromised patient 13, RSV has 
been recovered from liver, spleen, and 
myocardium. There is little to no informa- 
tion about  the pathologic changes associ- 
ated with RSV in mild pneumonia and 
bronchiolitis. Autopsy  studies have re- 
vealed lymphocytic peribronchial infiltra- 
tion in bronchiolitis. There is no cellular in- 
filtration of alveolar tissue. Because RSV is 
attracted to respiratory epithelium, prolif- 
eration and necrosis of the epithelium oc- 
curs. As a result, hypersecretion of mucus, 
round cell infiltration, and edema of the 
surrounding submucosa takes place. These 
changes result in the formation of mucus 
plugs obstructing bronchioles and conse- 
quent hyperinflation or collapse of the 
distal lung tissue. In pneumonia,  intersti- 
tial alveoli are also infiltrated with 
mononuclear cells and are thickened. In ex- 
tensive pneumonia,  consolidation by al- 
veolar debris containing protein, 
macrophages, epithelial cells, and numer- 
ous syncytial multinuclear giant cells with 
eosinophilic cytoplasmic inclusions have 
been found. Smaller amounts of viral parti- 
cles and viral antigens were also detected 
in the lung tissue. 

CLINICAL FEATURES 

The clinical picture of RSV infection varies 
according to the age of the patient. The pri- 
mary RSV infection t'2 at the age of six 
weeks to two years is usually symptomatic 
and involves the lower respiratory tract. 
Asymptomatic  pr imary RSV infection in 
children is rare. Subsequent  infections in 
older children are usually less severe. RSV 
causes both upper respiratory tract as well  
as lower respiratory tract infection. The 

common symptoms of upper  respiratory 
tract infection include rhinorrhea, nasal 
congestion, pharyngitis, and cough. RSV 
infection causes less fever than other respi- 
ratory infections. Soon after the cough de- 
velops, the child begins to wheeze audibly. 
If the disease is mild, the symptoms may 
not progress beyond this stage. If the ill- 
ness progresses, then the infant goes on to 
develop bronchiolitis or pneumonia. 
Bronchiolitis is characterized by wheezing, 
dyspnea, respiratory distress, poor feeding, 
and tachypnea. This may progress to a life- 
threatening illness associated with central 
cyanosis, tachypnea, tachycardia, listless- 
ness, and apneic spells 14. Most of these pa- 
tients are hypoxic. Hypoxia is the first sign 
and hypercarbia a late sign. Chest X-rays 
done on infants show air trapping with 
hyperexpansion and peribronchial thicken- 
ing or interstitial pneumonia.  Ten to 
twenty-five per cent of these patients may 
have segmental consolidations, especially 
involving the right upper  lobe. Pleural ef- 
fusion is rarely seen. The pathognomic 
finding of bronchiolitis on chest X-ray is 
hyperaeration. 

In some infants, the course of illness 
may be akin to pneumonia.  In these in- 
fants, rhinorrhea and cough are followed 
by dyspnea, poor feeding, and listlessness. 
These patients have minimal wheezing and 
minimal hyperaeration on chest X-ray. 

In the great majority of patients with 
RSV bronchiolitis, the signs and symptoms 
resolve within a few days. In our own insti- 
tution (Aggarwal R; RSV Bronchiolitis. Un- 
published data.), the average length of stay 
was five days for high risk infants and 
three days for low risk infants. Infants un- 
der the age of six weeks and those with an 
underlying illness often need longer hospi- 
talization. 
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INFECTION IN NEWBORNS 

Although RSV infection is rare in the first 
four weeks of life, epidemics in neonates 
have been described. It i s  important  to 
know that in many infants, the RSV infec- 
tion may be atypical with major manifesta- 
tions being apnea, lethargy, irritability, and 
poor feeding. The mechanisms of RSV-as- 
sociated apnea la are not well understood. 
Possible explanations are stimulation of la- 
ryngeal receptors, respiratory muscle fa- 
tigue, and abnormal immunological re- 
sponse. 

DIAGNOSIS 

During an outbreak of RSV, diagnosis can 
often be assumed on the basis of signs and 
symptoms of infection and the age of the 
patient. Definite diagnosis of RSV infection 
is based on the detection of viral anti- 
gens 1~.16 in the respiratory secretions. Rapid 
detection of viral antigens by 
immunoassays is at present the most suit- 
able single method to demonstrate RSV in- 
tections. There are various methods to de- 
tect the RSV antigen in the nasopharyngeal 
secretions with the rapid antigen detection 
test recommended as a primary test. Detec- 
tion of virus by cell culture 17 still remains 
the standard procedure, although it is be- 
coming outdated because of the sensitivity 
and specificity of the rapid antigen detec- 
tion test. 

MORTALITY 

The mortality associated with the primary 
RSV infection in otherwise healthy children 
is estimated to be .005% to .02%. In hospi- 
talized children, the mortality rate is esti- 
mated to be 1% to 3%. Considerably, higher 

mortality rates in children with cardiopul- 
monary abnormalities or immunosuppres- 
sion have been suggested. A possible sig- 
nificant correlation has been shown to exist 
between the occurrence of sudden infant 
death syndrome and RSV infection. At 
present, however, the role of RSV in SIDS is 
not fully understood. 

TREATMENT 

Supportive Care 

Supportive care is the backbone of treat- 
ment of RSV infection. The majority of pa- 
tients who are hospitalized are hypoxic, 
and supplemental  oxygen therapy is the 
cornerstone of the treatment. Pulseoxime- 
ter is recommended, and saturations great- 
er than 95% should be maintained. If blood 
gases are necessary, close follow-up should 
be done. If the patient shows signs and 
symptoms of acute respiratory failure dem- 
onstrated by pH < 7.25, P C O  2 > 60 mm of 
Hg, or PaO 2 < 60 mm of Hg in 40% oxygen, 
or is an infant with prolonged apnea, the 
patient will need ventilatory support. In- 
travenous hydration has also been recom- 
mended. However, two recent studies 1~,~ 
reported markedly elevated plasma anti- 
diuretic hormone (ADH) levels in children 
with bronchiolitis. Thus, careful monitor- 
ing of body weight in addition to plasma 
electrolyte concentration is necessary, and 
in some cases fluid restriction may be indi- 
cated 2~ 

Mist tent and chest physiotherapy were 
once done as supportive therapy for 
bronchiolitis. At present, there is evidence 
that they may do more harm than good. 
However, frequent aspiration of excessive 
nasopharyngeal mucus may be necessary 
in some patients to relieve breathing and 
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feeding difficulties. 

Bronchodilators 

The use of bronchodilators 2' in the treat- 
ment of bronchiolitis in young infants has 
been controversial. All the prior studies 
have suggested little or no beneficial effect 
from bronchodilators. Several recent stud- 
ies, however, suggest that bronchodilators 
may have a beneficial effect in some pa- 
tients with bronchiolitis. A recent s tudy 2~ 
showed that high dose of nebulized 
albuterol 0.5 m g / k g  may have some ben- 
eficial effect. 

Corticosteroids 

Five early studies on the use of systemic 
corticosteroids in the t reatment  of acute 
bronchiolitis showed no beneficial effect. 
TAL and co-workers 2a showed,  in a small 
number of patients, that treatment with in- 
tramuscular dexamethasone and nebulized 
salbutamol together, but  not  separately, 
had favourable effects on the clinical 
course of children with acute wheezing as- 
sociated with upper  respiratory tract 
symptoms. However, these findings could 
not be confirmed in later studies. Thus, the 
use of corticosteroids, whether  in the sys- 
temic or inhaled form, continues to remain 
controversial with little or no beneficial ef- 
fect in bronchiolitis. 

Ribavirin 

Ribavirin is an analog of quanosine and 
inosine. It has a broad antiviral spectrum 
and is effective nbt only against RSV but 
also in vitro against measles, parainfluenza, 
and influenza viruses. The drug is deliv- 
ered as an aerosol by a special mist genera- 

tor 18-20 hours daffy for three to ~lve days. 
Recently, high dose short duration therapy 
has been started with some promising re- 
sults. In 1985, the Food and Drug Adminis- 
tration approved the use of Ribavirin for 
the treatment of infants with severe RSV 
disease based largely on the results of five 
double-blind placebo-controlled trials per- 
formed in the early 1980s. A number  of 
these studies 23'24.2s have been subsequently 
criticized, however, for the methodology 
and criteria for determining therapeutic ef- 
ficacy. Subsequent placebo control stud- 
ies 25,26 have failed to demonstrate a differ- 
ence in the duration of the illness days of 
tachypnea,  hypoxemia,  ability to tolerate 
oral feedings, airway compliance, or air- 
way resistance in infants treated with 
ribavirin. 

In 1987, the American Academy of 
Pediatrics (AAP) published 2~ a recommen- 
dation for the use of ribavirin suggesting 
that it be reserved for (a) infants at high 
risk for severe or complicated respiratory 
syncytial viral infection, (b) infants hospi- 
talized with the respiratory syncytial virus 
and lower respiratory tract disease who are 
severely ill, and (c) infants hospitalized 
with lower respiratory tract disease that is 
not initially severe, but may be at some in- 
creased risk of progressing to a more com- 
plicated course. These recommendat ions 
were based largely on the fact that young 
infants and those with underlying condi- 
tions, such as congenital heart  disease 
(CHD) and bronchopulmonary  dysplasia 
(BPD), typically have the most severe 
course of illness. However,  the ability of 
ribavirin to alter the course of the disease 
in these high risk patients is unclear. 

In addition to the above guidelines, 
AAP made further recommendations z4 that 
mechanically ventilated infants may be 
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more likely to benetit from ribavirm treat- 
ment. In 1991, Smith et al, 27 reported that 
ribavirin therapy was associated with 
shorter duration of mechanical ventilation, 
oxygen treatment, and hospitalization stay 
in 28 critically ill children with RSV. No 
complications or mortalities occurred in 
this study and only seven of the 28 patients 
in the study were considered at high risk. 
Other authors were unconvinced of the va- 
lidity of these results, and pointed out that 
using aerosolized sterile water as placebo 
therapy rather than half normal or normal 
~aline may have been detrimental in the 
control patients and, thereby, may have 
magnified the actual benefits of ribavirin. 
l\ subsequent study by Meert, et a128 in 45 
mechanically ventilated children with RSV 
who were treated with ribavirin or 
aerosolized saline placebo showed that the 
patients treated with ribavirin had no de- 
monstrable improvement in any of the 
evaluated physiologic or resource utiliza- 
tion variables compared to those treated 
with placebo. 

Finally, the cost of ribavirin for a three- 
day course is exorbitant, averaging ap- 
proximately $5000. 

Intravenous Immune Ganunaglobulin 
(IVIG) 

Studies29, 3o on experimental animals and 
human infants suggest that RSV antibodies 
given in intravenous immunoglobulins 
may shorten the course and decrease the 
severity of RSV infection. Although nasal 
RSV shedding was reduced in the these pa- 
tients, there were only modest clinical im- 
provements and no measurable effect on 
the durat ion of hospital stay. A recent 
study by J.R. Groothius and co-workers 31 
from the Respiratory Syncytial Virus Im- 

mune Globulin study group showed that 
high dose 750 mg/kg  of RSV immune glob- 
ulin (RSVIG) is safe and highly effective in 
preventing severe RSV disease when given 
as monthly infusions to preterm infants. 
Based on the results of these trials, the FDA 
licensed RSV-IGIV on January 18, 1996, for 
the prevention of serious lower respiratory 
tract infection caused by RSV in children 
younger than 24 months of age with bron- 
chopulmonary dysplasia or a history of 
premature birth defined as less than 35 
weeks of gestation. The drug was not ap- 
proved for those infants who had congeni- 
tal heart disease. Since the approval of this 
drug, questions have been raised about the 
true benefit of this drug. In our own centre 
we found no real benefit in the use of this 
drug either in preventing a serious RSV in- 
fection or decreasing the hospitalization for 
these preterm infants in which RSV-IGIV 
was used for prophylaxis. This drug is also 
expensive and cost benefit analysis re- 
mains to be proven. Recent research in 
monoclonal antibodies against RSV is on in 
trials and we hope some day the prophy- 
lactic measures against RSV will become 
simpler and less expensive and, thus, more 
broadly applicable. 

Antibiotic Therapy 

Antibiotic therapy is given to at least 
40%-50% of patients hospitalized with RSV 
infections. Most often the indications in- 
clude acute otitis media and possible bacte- 
rial type pneumonia. Two randomized 
studies demonstrated that routine antibi- 
otic therapy has no benefit in the treatment 
of bronchiolitis. Thus, the routine use of an- 
tibiotics is recommended in the treatment 
of RSV bronchiolitis. 
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PREVENTION 

Universa l  p recaut ions  are the ma ins t ay  of 
p r even t ing  the s p r e a d  of RSV. At present ,  
no safe and  effect ive vacc ine  agains t  RSV 
infect ion is avai lable .  Severa l  d i f ferent  
k inds  of vacc ines  32 h a v e  b e e n  d e v e l o p e d  
and  some  even  tested in clinical trials, bu t  
all of t h e m  have  fa i led to show their  effi- 
cacy and  safety. Use of RSV i m m u n e  globu- 
lins30, 3~ as described above  has  been recom- 
m e n d e d  recent ly  as the on ly  effect ive 
m e a n s  to p r e v e n t  severe  RSV infect ion in 
high risk p re t e rm infants. 

CONCLUSION 

In summary ,  infants wi th  RSV bronchiolitis 
or p n e u m o n i a  only  need  s u p p o r t i v e  care. 
In our  o w n  re t rospect ive  s t udy  (Aggarwal  
R; RSV Bronchiolitis. Unpub l i shed  data) of 
100 in fan ts  ove r  f ive years ,  there  was  no 
change  in length of s tay  or mor ta l i ty  wi th  
different  t r ea tmen t  modal i t ies .  The length 
of s tay d e p e n d e d  on the sever i ty  of illness 
and under ly ing  risk factors. 
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