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Abstract. This paper reviews recent changes in morbid-
ity and mortality of respiratory syncytial virus (RSV)
infection in infants with congenital heart disease. Mor-
tality since the late 1970s has declined substantially,
from approximately 37% to 3%. Although the frequency
of admission to intensive care units has declined from
approximately 60% to 30%, the frequency for mechani-
cal ventilatory support has not changed significantly. Be-
cause mortality dropped prior to the widespread use of
ribavirin, it is difficult to ascribe the improvement to this
therapy. In infants with congenital heart disease (CHD),
nosocomial infection remains a significant problem, ac-
counting for approximately 33% of the RSV cases. Some
authors report significant reductions in hospital-acquired
RSV by use of gloves and gowns for contacts with in-
fectious cases. Efforts at primary prevention have en-
countered problems with development of an RSV vac-
cine. Preliminary data from studies of passive immuni-
zation using immune globulins with high RSV antibody
titers suggest that this therapy may reduce the severity of
RSV infection in infants with serious heart disease.
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Respiratory syncytial virus (RSV) is the most common
cause of lower respiratory tract infection in infants and
toddlers [10]. This viral infection is particularly threat-
ening to infants with congenital heart disease (CHD),
congestive heart failure, cyanosis, or pulmonary hyper-
tension [25]. With these conditions the infant’s ability to
increase cardiac output and oxygen delivery may be se-
verely limited. The development of RSV pneumonitis
impairs oxygen uptake and increases the work of breath-
ing in these infants with compromised cardiac reserve.

Under such conditions the infant is at significant risk of
developing respiratory or cardiac failure and may require
prompt institution of ventilatory support. Because infants
with serious CHD may deteriorate rapidly following the
onset of RSV infection, it is a recommended practice to
admit these infants to the hospital for close observation
and monitoring. When RSV is prevalent in the commu-
nity, infants scheduled to undergo cardiac surgery should
be carefully screened, as preexisting pulmonary infection
may interfere with postoperative recovery. In addition,
specific infection control measures are necessary to pre-
vent hospital-acquired infection in cardiac infants admit-
ted for surgical or medical treatment.

The purpose of this report is to review changes in
RSV morbidity and mortality in children with CHD dur-
ing the past 15 years, to summarize the efficacy of riba-
virin therapy, and to review research on active and pas-
sive immunization.

RSV Disease in Children with CHD

The first definitive study of the effects of RSV infection
in infants with CHD was reported by MacDonald et al.
[25] in 1982. These investigators prospectively studied
all infants (M = 699) who were admitted to Strong Me-
morial Hospital in Rochester, New York during the RSV
seasons of 1976 through 1980. During this period, 27
(37%) of 73 infants with CHD had RSV infection diag-
nosed on admission or during hospitalization. The sever-
ity of RSV infection in children with CHD was signifi-
cantly greater than the severity of RSV infection in in-
fants without CHD. Among infants with RSV, intensive
care was required in 17 (63%) of the 27 infants with
CHD compared with 29 (14%) of 202 infants without
CHD (p < 0.001), and assisted ventilation was required
in 6 (22%) of 27 infants with CHD compared with 11
(5%) of 202 infants without CHD (p < 0.01). The dura-
tion of hospitalization for those with CHD and those
without CHD was 20 days and 8 days, respectively. TheCorrespondence to:D.E. Fixler
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overall mortality among the infants with RSV and CHD
was 10 (37%) of 27 infants compared with 3 (1.5%) of
202 infants with RSV and without CHD. An analysis of
the characteristics of fatal and nonfatal RSV illnesses in
the infants with CHD revealed no difference in mean
age, proportion with cyanosis, or proportion with in-
creased pulmonary blood flow; however, the numbers in
each group may have been too small to detect differ-
ences. In infants with RSV and pulmonary hypertension,
the mortality rate was extraordinarily high (73%).

More recent studies in children with CHD indicate
that the mortality associated with RSV disease had de-
creased markedly (Table 1). A review by Navas et al.
[31] evaluated 260 children with CHD hospitalized with
RSV disease at 12 pediatric tertiary care centers in
Canada between 1988 and 1991. Of the 260 children, 87
(33%) required intensive care, and 49 (19%) required
mechanical ventilation. Mortality during the first 2
weeks of hospitalization was 3.4%. As in the earlier
study, children with RSV who had CHD and pulmonary
hypertension had more severe disease as reflected by an
intensive care admission rate of 47% and a death rate of
9.4%

A retrospective study reported by Moler et al. [29]
assessed RSV disease in 79 infants with CHD admitted
to the pediatric facility at the University of Michigan
between 1983 and 1990. Among the infants with RSV,
those with CHD compared with those without CHD had
significantly higher rates of intensive care (30% versus
17%) and requirements for mechanical ventilation (24%
versus 10%). In addition, the comparison indicated a
significantly longer mean duration of hospital stay (29
versus 8 days), duration of intensive care (10 versus 3
days), and duration of mechanical ventilation (4 versus 1
day). Death occurred in 2.5% of the infants with RSV
and CHD and in only 0.3% of those with RSV and with-
out CHD. Although the presence of pulmonary hyper-

tension was not associated with a higher mortality, in-
fants with RSV and pulmonary hypertension had more
serious disease than CHD infants with RSV and a normal
pulmonary arterial pressure as reflected by longer mean
durations of hospitalization (44 versus 14 days), inten-
sive care (16 versus 3 days), and mechanical ventilation
(6 versus 2 days).

Meert et al. [27] examined their experience of RSV
infections in 161 previous healthy children and 13 chil-
dren with CHD hospitalized between 1985 and 1988.
Duration of hospitalization was longer for CHD children
with RSV, averaging 9 days compared with 4 days in
previously healthy children with RSV. Death occurred in
one of the CHD cases and in none of the comparison
group. Three of the CHD cases were attributed to noso-
comial RSV infections.

In a retrospective review of 97 children admitted to
an intensive care unit with RSV infection from 1986 to
1990, Stretton et al. [37] reported no RSV-related deaths
among the six children with CHD. However, those with
RSV and heart disease had an average intensive care stay
of 36 days and required mechanical ventilation for an
average of 30 days, a duration significantly longer than
that in children with RSV but without preexisting dis-
ease, who averaged 6 days in intensive care and 4 days
on mechanical ventilation. The data from these studies
indicate that although mortality has been significantly
reduced compared to earlier experience children with
CHD and severe RSV disease require prolonged, vigor-
ous supportive care. These RSV cases not only put other
intensive care children at risk of nosocomial infection
but also expend considerable health care resources.

Detection of RSV Infection

Although cell cultures from nasopharyngeal secretions
for RSV offer a sensitive, specific approach to the diag-
nosis, results depend on the quality of the specimen, the
time of sampling during the course of the infection, and
the conditions of the specimen transport to the labora-
tory. Also, processing takes several days. Because of the
need for rapid detection of RSV infection several other
methods have been developed, namely rapid immunoflu-
orescence and enzyme immunoassay (EIA). In 1991 Kel-
logg [19] reviewed the literature regarding antigen as-
says for detection of RSV from lower respiratory tract
specimens using fluorescent antibody techniques. The
sensitivity of fluorescent antibody tests compared with
RSV culture results was reported to be 85% or higher in
22 of 31 of the studies reviewed. The specificity was
reported to be 85% or higher in 25 of the 31 studies.
Although the fluorescent antibody technique in general is
sensitive and specific, it is labor-intensive and requires
highly trained, experienced microscopists to subjectively
evaluate the presence or absence of fluorescence.

Table 1.Trends in RSV mortality and morbidity for patients with
congenital heart disease

Outcome
variable

1976–1980
[25]
Rochester
(n = 27)

1988–1991
[31]
Canada
(n = 260)

1983–1990
[29]
Michigan
(n = 79)

Mortality (%)
All CHD cases 37 3.4 2.5
Pulmonary
hypertension 73 9.4 2.6

Admission to ICU (%) 63 33 30
Mechanical ventilation (%) 22 19 24
Duration of

hospitalization (days) 20 29
Nosocomial RSV 33 32

infection (% of total)
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Enzyme immunoassay tests are easier to perform
than fluorescent antibody methods, and the results can be
read objectively by a spectrophotometer. Moreover,
EIAs are commercially available in kit form and do not
require the use of special equipment. Hughes et al. [17],
in a review of 17 studies comparing EIA with culture
results, found that the reported sensitivity of the EIA
ranged from 61% to 96%. They evaluated an EIA kit
manufactured by Kallestad Diagnostics and found it to
have a sensitivity of 73% and a specificity of 92% com-
pared with RSV culture results. More recently Olsen et
al. [33] evaluated another EIA kit, TestPack RSV (Ab-
bott Laboratories), and found it to have a sensitivity of
95% and a specificity of 97% compared to RSV cultures.
These findings indicate that few false-negative or false-
positive results were obtained. With the use of these
readily available screening techniques for RSV infection,
we should be able to reduce substantially the rates of
nosocomial infection.

Prevention of Nosocomial RSV Infection

Infants with severe congenital heart disease are at in-
creased risk for nosocomial RSV infection because many
require repeated hospitalizations for medical or surgical
treatment. When these infants are admitted during RSV
season, protecting them from RSV exposure from active
cases in the hospital requires special precautions. The
Centers for Disease Control recommends, when possible,
isolation of patients with RSV infection in a private room
and use of gowns by hospital personnel when exposure
to respiratory secretions is likely [5]. Because RSV is
readily transmitted by hand contact with patients’ secre-
tions, diligent hand-washing is essential. Unfortunately,
the failure of personnel to wash their hands after contact
with patients has been documented and well acknowl-
edged [1]. Because of this lapse in technique, Leclair and
coworkers [24] investigated the efficacy of a vigorous
infection control effort including the use of gloves by
personnel caring for infectious RSV cases. The authors
hypothesized that the use of gloves might reduce the
spread of RSV, as gloves are customarily discarded when
contact with an infected child is finished. The study re-
vealed that the risk of acquiring nosocomial RSV infec-
tion was three times as great during the period before
these hygienic measures as it was during the period of
glove and gown usage. Therefore infection control mea-
sures to prevent hospital-acquired RSV infection should
include the wearing of gowns and gloves for hospital
staff having contract with infectious children.

Efficacy of Ribavirin Therapy

The significant reduction in the death rate among infants
with CHD and RSV disease reported in more recent stud-

ies may be due to advances in pediatric intensive care,
more aggressive surgical management of congenital
heart disease during early infancy, and the initiation of
ribavirin therapy. In 1987 the Committee on Infectious
Disease of the American Academy of Pediatrics recom-
mended the use of ribavirin therapy for RSV infections
occurring in children with CHD [4]. The recommenda-
tions were based in part on the data presented in early
reports that indicated high mortality and morbidity in
patients with RSV and CHD. The clinical experience
reported from the 1980s suggest that the death rates from
RSV infection in CHD infants may have declined sub-
stantially before the widespread use of ribavirin therapy.
During this same period, infants with serious heart dis-
ease, such as transposition of the great arteries, AV canal
defects, large ventricular septal defects, and left heart
obstructive lesions, were undergoing successful open-
heart repairs during the first few months of life. The
resultant hemodynamic improvement would be expected
to reduce mortality from subsequent RSV infection. As
shown in Table 1, the duration of intensive care unit
(ICU) stay for CHD infants with RSV infection also
declined substantially.

The impact of ribavirin therapy on the severity of
RSV disease has been examined by several randomized
control studies that used systems of clinical scores or
improvement in oxygen saturation as outcome variables.
In 1983 Hall et al. [12] reported the results of a random-
ized double-blind study of 33 infants hospitalized with
RSV pneumonitis. None of the infants had CHD. The
study used a clinical assessment system to score severity
of pulmonary involvement and track the infants’ im-
provement. By day 4 of therapy the average severity
score was lower in the ribavirin-treated group than in the
placebo group. Ribavirin-treated infants also had a more
rapid improvement in their levels of oxygen saturation
and a more prompt resolution of viral shedding than the
placebo group. In 1985 Hall et al. [11] reported the re-
sults of RSV ribavirin therapy in infants with underlying
cardiopulmonary disease. As in their earlier study, clini-
cal scores and levels of oxygen saturation improved
more promptly in the ribavirin-treated patients. How-
ever, no differences were noted between the ribavirin-
treated group and the placebo group for the duration of
hospital stay or mortality. In 1986 Groothuis et al. [9]
initiated a large multicenter, prospective, double-blind,
placebo-controlled study. Their study identified 178 chil-
dren, younger than 36 months of age, with bronchopul-
monary dysplasia or CHD and prospectively surveyed
them for RSV infection. Patients with mild respiratory
tract RSV infections received ribavirin or placebo within
72 hours of symptom onset. The study design excluded
children with moderate or severe symptoms at the onset.
A group of 20 patients received ribavirin, and 27 re-
ceived placebo. No child in either group required admis-
sion to an ICU or assisted ventilation. The progression of
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serial respiratory scores did not differ significantly be-
tween the ribavirin group and the placebo group. Be-
cause the study included only children with mild illness
at onset, it is difficult to assess the efficacy of ribavirin
therapy in infants with CHD who present with more
severe RSV disease.

In 1991 Smith et al. [36] reported a controlled trial
of ribavirin therapy in 28 infants with severe RSV dis-
ease receiving mechanical ventilation. The mean dura-
tion of mechanical ventilation prior to ribavirin therapy
was 26 hours. In the ribavirin-treated cases, the average
duration of assisted ventilation was significantly shorter
than in the placebo group (5 days versus 10 days). The
average duration of hospital stay after starting therapy
for the ribavirin-treated group and the placebo group was
13 days versus 15 days, respectively. These data suggest
that the most critically ill infants with RSV disease re-
quiring mechanical ventilation may benefit from the ad-
ministration of ribavirin. Additional controlled trials are
needed to determine whether ribavirin therapy in CHD
infants with moderate and severe RSV disease improves
outcome in terms of frequency of ICU admission, fre-
quency of mechanical ventilation, duration of ICU stay,
and duration of hospitalization.

Results of RSV Vaccination Studies

Because the peak incidence of hospitalized cases of RSV
pneumonitis occurs in infants 2–5 months of age, a vac-
cine must be capable of stimulating effective resistance
by the second month of life [34]. Specific neutralizing
antibody levels in the newborn are similar to maternal
levels, with a gradual decline during the first 6 months of
life. These maternally derived antibodies may interfere
with effective immunization. In addition, young infants
mount a weak serum neutralizing antibody response and
produce insufficient quantities of secretory antibodies in
the upper respiratory tract to effectively neutralize the
virus before it invades the lower respiratory tract [30].
These findings suggest that active vaccination may en-
counter several obstacles to initiating a protective im-
mune response in this very young population.

The first trials of active immunization in children
used a formalin-inactivated vaccine. The results of these
trials indicate a failure to protect against subsequent RSV
infection. The vaccine did not induce adequate levels of
neutralizing antibody, and hence susceptibility was not
altered [18, 21, 22]. An even more important observation
was that infants who were vaccinated the first year of life
had more severe pulmonary manifestations, when they
developed naturally occurring RSV disease. A clinical
trial of live virus vaccine in 32 children yielded a mean
46-fold rise in serum neutralizing antibodies in seroneg-
ative infants [20]. Follow-up revealed that subsequent
RSV infection was not associated with more severe pul-

monary manifestations [40]. However, the trial was
halted because the vaccine virus was transformed into a
wild-type virus. Two other avenues of active immuniza-
tion have been evaluated. One using recombinant vac-
cines that transmit RSV glycoproteins via vaccinia virus
or adenovirus vectors has shown failure to induce a high
level of RSV neutralizing antibodies [3]. Another trial
using an RSV subunit vaccine showed a significant rise
in neutralizing antibodies, and preliminary data sug-
gested protection from RSV infection during the 6
months after immunization [38]. Additional studies are
needed to determine its safety and efficacy.

Rationale for Passive Immunization
with Immunoglobulin

Epidemiologic studies found that infants infected during
the first weeks of life infrequently develop severe dis-
ease. This finding suggested that maternal antibodies
provided a protective benefit [34]. Recent studies dem-
onstrate that high levels of RSV-specific antibody titers
provide protection to infants against serious infection. In
these studies the severity of illness was inversely pro-
portional to the levels of maternally derived RSV neu-
tralizing antibody [2, 6, 23, 32, 39]. In addition, a rela-
tion between neutralizing antibody titer and the severity
of RSV reinfection was observed [7, 16].

Phase I studies of the therapeutic and prophylactic
administration of intravenous immunoglobulin (IVIG)
(screened for high levels of RSV-specific antibody titers)
have shown that IVIG is safe when administered to in-
fants and children. Hemming et al. [15] conducted a
phase I study of commercial IVIG screened for high
RSV neutralizing antibody titers (approximately 1:5000)
for treatment of RSV disease. Thirty-five pediatric pa-
tients (mean age 4.5 months) hospitalized with RSV
pneumonitis were randomized to receive an albumin pla-
cebo or an infusion of IVIG (2 g/kg). Mean neutralizing
antibody titers in the 17 IVIG recipients increased from
a preinfusion mean titer of 1:114 to 1:877 at 24 hours
after infusion. Pediatric patients receiving IVIG had sig-
nificant reductions in nasopharyngeal RSV infectivity
titers and significant improvement in oximetry values
compared with pediatric patients receiving placebo.
However, no difference between the two groups was ob-
served with regard to duration of hospitalization, supple-
mental oxygen requirements, or duration of clinical
symptoms.

Meissner et al. [28] conducted a subsequent random-
ized controlled trial in 49 infants with BPD or CHD.
Twenty-five infants received monthly infusions of IVIG
500 mg/kg with an RSV neutralizing antibody titer of
1:950, and 24 infants received no IVIG. The peak serum
RSV A2 neutralizing antibody titer in the IVIG recipi-
ents was 1:124, well below 1:350, the predicted protec-
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tive level based on animal studies and epidemiologic
data [13, 14, 35]. It was speculated that achievement of
RSV-specific antibody levels potentially capable of pre-
venting RSV disease would require administration of an
enriched RSV immunoglobulin.

Groothuis et al. [8] conducted a multicenter prophy-
laxis trial of RSV immunoglobulin (RSVIG), prepared
from plasma obtained from donors specifically selected
for their high serum RSV neutralizing antibody (range
1:2400–1:8073). This trial included 249 high-risk chil-
dren: 87 with congenital heart disease, 102 with bron-
chopulmonary dysplasia, and 60 premature infants who
were less than 6 months of age. RSVIG 750 mg/kg was
given monthly to 81 high-risk children; no RSVIG was
given to 89 high-risk controls. A blinded team conducted
weekly RSV surveillance and management of docu-
mented RSV illness. No deaths occurred in the prophy-
laxis group that could be attributed to the use of immune
globulin or RSV illness. RSV illness was reported in 19
(23%) of the 81 patients in the IVIG prophylaxis group
and in 29 (33%) of the 89 patients in the control group.
Hospitalization for RSV was necessary in 7% of the
prophylaxis group versus 20% of the control group (p =
0.01); total hospital days were 43 in the prophylaxis
group versus 133 in the control group (p = 0.02); total
ICU days were 1 for the prophylaxis group versus 38 for
control group (p = 0.05). These results suggest that
monthly infusion of RSVIG for RSV significantly de-
creases the frequency of hospitalizations, number of hos-
pital days, and number of ICU days resulting from severe
RSV disease in high-risk children.

Clinical Implications

Despite significant improvements in clinical manage-
ment, infants and children with serious CHD are at risk
of developing respiratory failure and congestive heart
failure as a result of RSV infection. The risk of these
infants developing nosocomial infection during RSV epi-
demics may not have diminished during the past 15
years. When RSV disease is prevalent in the community,
preoperative evaluation in the high-risk infant should in-
clude surveillance for RSV infection. Following cardiac
surgical procedures, these infants may be particularly
vulnerable to the complications of RSV infection. Such
infants and other debilitated infants hospitalized with
CHD should be isolated and cared for by specific nursing
personnel, away from cases with active RSV infection.
Hospital personnel such as respiratory therapists, labo-
ratory technologists, and physicians who are in contact
with RSV cases should use gloves and strict hand-
washing techniques before handling uninfected CHD in-
fants.

At present, ribavirin is the only agent commercially
available that may possibly reduce the severity of pul-

monary complications in an infant with CHD and RSV
infection. Although the development of several RSV
vaccines are currently being pursued, effective and safe
active immunization appears to be many years away.

The most promising method of RSV prevention in
the near future is that of passive immunization with an
immune globulin that has high RSV neutralizing anti-
body titers. Preliminary results from recent studies indi-
cate that monthly RSVIG infusion during the RSV sea-
son reduces the prevalence of serious pulmonary com-
plications in a group of high-risk patients including
infants and children with CHD, bronchopulmonary dys-
plasia, and prematurity. Further studies are under way to
evaluate the efficacy of RSVIG infusion therapy in
groups of infants with CHD alone. If efficacy is demon-
strated then, as pointed out by McIntosh [26], achieving
high antibody titers by immunoglobin therapy may prove
to be an effective treatment for established RSV infec-
tion in children with severe heart disease.
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