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Abstract 

Respiratory Syncytial Virus (RSV) infection is common among young 
children. Congenital Heart Disease (CHD) is a risk factor of severe illness 
and hospitalization. Palivizumab prophylaxis reduces the severity of RSV 
infection and reduces the risk of hospitalization for children at high risk of 
severe illness, such as children born premature or with CHD.  

The aim of this thesis was to evaluate compliance with national guidelines 
for prophylactic treatment and to study the Relative Risk (RR) of 
hospitalization due to RSV and unspecified Respiratory Tract Infection (RTI) 
for children with CHD.  

In a prospective study, questionnaires were sent to all paediatric cardiology 
centres in Sweden with questions about prophylactic treatment. 
Hospitalization rates were retrieved from the national inpatient registry. 
Heart defects were grouped according to type and the relative risk of 
hospitalization was calculated for each group and for summer and winter 
seasons. 

Half of the patients received prophylactic treatment later than recommended 
in the guidelines. The risk of hospitalization due to RSV infection was 
increased (RR=2.06 95% CI 1.6-2.6; p < 0.0001) for children with CHD 
compared to children without CHD. The RR of hospitalization was also 
increased for all CHD subgroups, and was further increased during summer 
for children with the more severe CHD.  

We conclude that guidelines for prophylactic treatment were not followed 
and that the risk of hospitalization due to RSV and unspecified LRTI was 
increased for all subgroups of CHD. The risk was increased both during 
winter and summer and we therefore argue that information to health 
personnel and parents should include that the risk of severe LRTI is present 
all year round for children with CHD.  

 

Keywords:  

Respiratory Tract Infection (RTI), Lower Respiratory Tract Infection (LRTI), 
Respiratory Syncytial Virus (RSV), Congenital Heart Disease (CHD), 
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Hospitalization 
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Populärvetenskaplig sammanfattning 
 

Luftvägsinfektioner hos barn med medfött hjärtfel 

Respiratoriskt syncytialvirus (RSV) är det vanligaste förkylningsviruset och 
de allra flesta barn drabbas före två års ålder. RSV kan leda till allvarlig 
luftvägsinfektion hos alla barn, men speciellt hos dem med medfött hjärtfel. 
Någon botande läkemedelsbehandling finns inte för RSV, utan de 
medicinska insatserna får inriktas mot att mildra sjukdomsförloppet och för 
svårt sjuka barn krävs sjukhusvård för att exempelvis erhålla 
syrgasbehandling. Det finns inget vaccin mot RSV, men barn som riskerar 
att bli svårt sjuka kan behandlas profylaktiskt med en monoklonal antikropp 
(Palivizumab) som ges som injektion en gång per månad under vintersäsong. 
Vissa barn med svårt hjärtfel får denna profylaktiska behandling enligt 
nationella riktlinjer.  

Vår första studie visade att ungefär hälften av barnen med medfött hjärtfel, 
aktuella för profylax mot RSV, fick behandlingen senare än vad de nationella 
riktlinjerna rekommenderade. Denna studie genomfördes via en enkät till 
alla landets barnkliniker under två vintersäsonger. Vi såg även att något fler 
barn än förväntat (4.6%) fick RSV-infektion trots profylaktisk behandling 
och för cirka en tredjedel av dessa barn fördröjdes tiden till hjärtoperation. 
Behovet av sjukhusvård kan användas som mått på hur svårt ett 
sjukdomsförlopp är, och baserat på Socialstyrelsens slutenvårdsregister 
studerade vi alla barn under två års ålder och fann att den relativa risken för 
sjukhusvård på grund av RSV var högre för barn med hjärtfel än för barn 
utan hjärtfel (RR=2.06 95% CI 1.6-2.6; p < 0.0001).  

I vår andra studie, baserad på slutenvårdsregistret, beräknade vi den relativa 
risken för sjukhusvård på grund av RSV för barn med olika former av hjärtfel 
och uppdelat i sommar- och vintersäsong. Risken för sjukhusvård var ökad 
för alla barn oavsett typ av hjärtfel, och detta gällde såväl under vintern som 
under sommaren. Barn med de allvarligaste formerna av hjärtfel hade högre 
risk för sjukhusvård under sommaren jämfört med deras risk under vintern, 
medan barn med vad som anses vara lättare hjärtfel hade ökad risk för 
sjukhusvård under hela året, utan någon större skillnad i risk mellan vinter 
och sommar.  

Att barn med hjärtfel riskerar att bli svårt sjuka i RSV är väl känt, men våra 
resultat visar att denna risk även existerar under sommarhalvåret, då det 
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inte är RSV-säsong och då profylax inte ges. Vi fann också att barn med vad 
som anses vara lättare hjärtfel löper lika stor risk att drabbas av svårare 
sjukdomsförlopp med sjukhusvård under vintern, som barn med svårare 
hjärtfel. Att denna information sprids till såväl sjukvårdspersonal som 
arbetar med denna patientgrupp som till föräldrar med hjärtsjuka barn är 
viktigt, för att belysa att även dessa barn behöver skyddas, och detta inte 
bara under vintern och RSV-säsongen. 
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Introduction 
Respiratory Tract Infections (RTI) are common among young children and 
Respiratory Syncytial Virus (RSV) is one of the leading causes of 
hospitalization for children presenting with respiratory tract symptoms (1-
3). At the age of two, about 95% of children have been infected at least once. 
Reinfection is common (4). Congenital heart defects (CHD), prematurity and 
Downs syndrome are risk factors of severe RSV illness (5-7). Neuromuscular 
disease, liver disease and other chromosomal abnormalities are other risk 
factors that increase the risk of RSV hospitalization among young children 
(8). The monoclonal antibody Palivizumab is a prophylaxis for serious RSV 
illness (9) and reduces hospitalization rates in young children with 
haemodynamically significant CHD (10).  

The aim of the thesis was to evaluate compliance with the national guidelines 
for prophylactic treatment with Palivizumab and to study the risk of severe 
respiratory tract infections, RSV and others, in terms of hospitalization, for 
children with CHD. 
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Background  

Respiratory Tract Infection (RTI) 

In paediatric populations, especially in the early years of life, LRTI is a major 
cause of hospitalization. For young children admitted to hospital with 
respiratory tract symptoms, RSV is the most common pathogen. However, 
also rhinovirus, influenza and parainfluenzae virus, human 
metapneumovirus, coronavirus, adenovirus and bocavirus can be detected 
(11, 12) and cause bronchiolitis. Bronchiolitis can be defined as inflammation 
in the small distal airways, bronchioles(13), sometimes leading to fibrosis. 
Viral infections other than RSV can present similar symptoms as infections 
with RSV (14, 15). Clinical risk factors, rather than the specific involved 
viruses, are better predictors for the course of the bronchiolitis (16). 

 

Respiratory Syncytial Virus (RSV) infection in children 

RSV is the leading cause of LRTI among infants and young children 
worldwide (17, 18). In otherwise healthy children, RSV usually causes a mild 
upper respiratory tract infection that resolves spontaneously, but in certain 
high-risk groups and in a minority of healthy children it leads to serious 
illness and occasionally death (6). Chronic diseases, such as CHD, lung 
disease and neuromuscular diseases, are important risk factors for severe 
RSV infection and RSV hospitalization (8), as are prematurity and 
bronchopulmonary dysplasia (19). Other factors associated with a higher risk 
of serious RSV illness include young siblings, exposure to tobacco smoke, 
low birth weight and daycare attendance (4).   

RSV is an enveloped RNA virus and the typical symptoms are rhinorrhea, 
low-grade fever and cough, which can progress to respiratory distress (20). 
Apnoea can also occur in infants less than three months of age (21). The 
diagnosis is usually based on clinical findings, but real-time polymerase 
chain reaction (RT-PCR), rapid antigen detection, direct fluorescent assays 
and viral culture can verify the diagnosis.  

RSV infection is the cause of 50-90% of hospitalizations for bronchiolitis, 
and is also an underlying cause in hospitalization for pneumonia (20-50%) 
and tracheobronchitis (10-30%) (18). RSV bronchiolitis is more likely to 
cause severe illness, with longer duration of hospitalization and 
supplemental oxygen, than non-RSV bronchiolitis (22).  
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RSV bronchiolitis includes inflammation and oedema in the bronchiolar 
epithelial cells, which causes swelling of the bronchiole mucosa and mucus 
that fills the lumina. Inflammatory cells infiltrate the area, which increases 
the amount of dead epithelial cells and causes obstruction of small airways. 
The inflammation leads to bronchiole obstruction when the child exhales, 
which causes air to become trapped and reduction of gas exchange. 
Atelectasis and hyperinflation can also be seen (23).  

 

RSV seasonal variation and meteorological conditions 

Human susceptibility to viral infections might be altered by weather 
conditions (24), and indoor spread is likely to increase in extremely cold 
weather and heavy rainfall. RSV activity is dependent on a complex 
interaction of latitude, temperature, humidity and solar ultraviolet radiation 
(UVB) variance (25) and, most likely, numerous factors other than 
meteorological conditions. RSV is traditionally considered to be a seasonal 
disease in Sweden and in temperate climates such as countries around the 
Mediterranean. RSV activity peaks when the temperature is lower, as during 
winter (26). In areas with persistently warm temperatures and high humidity 
(close to the equator), however, RSV activity is more continuous throughout 
the year. More continuous RSV activity is also seen in areas with colder 
temperatures throughout the year (25). 

 

Heart development and congenital heart defects  

The first functioning organ in the human embryo is the heart, which begins 
beating rhythmically and pumps blood around day 25 of the pregnancy. The 
folding of the embryo, in weeks 4-8, forms a primitive heart tube that 
undergoes a process of transformation, looping and septation, forming the 
four presumptive chambers of the future heart. This creates the basis for the 
separation of the pulmonary and systemic circulations. Further, heart 
development consists of developing septa and valves between these 
chambers, forming epicardium and coronary vasculature, and the 
development of the conducting system. Blood pressure and blood flow also 
play important roles in heart development. (27) 

“A gross structural abnormality of the heart or intrathoracic great vessels 
that is actually or potentially of functional significance” is one definition of 
CHD (28). The incidence of CHD is approximately 0.8% to nearly 1% among 
newborns (29, 30) and the number of adults with CHD is increasing as 
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therapies are becoming more effective (31). Diagnostic modalities, surgical 
and cardiopulmonary bypass techniques and postoperative management 
have improved over the decades, leading to better surgical outcomes and 
survival rates for CHD children requiring an operation (32). 

 

CHD, grouped by structural and functional type 

Due to the great variation of congenital heart defects, any classification and 
subgrouping of these defects will be incomplete. Some defects may be 
considered simple and rather innocent, yet most of them are life threatening 
either immediately after birth or at a later age if left untreated. Below is a 
summary of different types of defects, grouped by structural and function 
type (29). 

- Systemic to pulmonary shunt defects, or left to right shunt defects, include 
ventricular septal defects (VSD), atrial septal defects (ASD), persistent 
ductus arteriosus (PDA) and atrioventricular septal defects (AVSD) as the 
more common ones. Provided the pulmonary vascular resistance is lower 
than the systemic vascular resistance the shunt across the defect will be left 
to right, and the pulmonary blood flow is increased in these patients. In 
patients with VSD, PDA and complete AVSD left ventricular failure may 
develop if the shunt is large, while in patients with ASD the right ventricle 
will dilate rendering a poor right ventricular function later in life. 
Atrioventricular septal defects usually affect children with Down´s 
syndrome, although the defect may also occur in children who have no 
chromosomal aberration. Isolated VSD is also common in children with 
Down´s syndrome. 

- Outflow obstructions (right side and left side)  

Valvular stenosis occur both on the right side of the heart, pulmonary valve 
stenosis, and on the left side, valvular aortic stenosis. As with some of the 
shunt lesions discussed above, they may be mild without causing any 
symptoms for many years. They may however also be severe and life- 
threatening directly after birth. In these latter cases either the pulmonary 
(critical pulmonary stenosis) or the systemic circulation (critical aortic 
stenosis) is duct dependent. This may also be the case in some patients with 
coarctation of the aorta and in all patients who suffer the unusual defect of 
interrupted aortic arch.  
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Subvalvular stenosis occur both in the right ventricular outflow tract 
(infundibular pulmonary stenosis) and in the left ventricular outflow tract. 
Also, some patients, preferably children with William´s syndrome have 
supravalvular aortic stenosis but this rarely is critical in the first months of 
life. Pulmonary valve atresia, a duct dependent lesion, occur both in patients 
with intact ventricular septum and in patients with ventricular septal defects, 
but although these defects are well known and well described, they are 
uncommon.  

- Tetralogy of Fallot is one of two of the most common cyanotic heart defects 
and transposition of the great arteries is the other one. Some patients with 
Fallot´s tetralogy may have a duct dependent pulmonary circulation or be 
severely cyanotic shortly after birth, while others may be circulatory stable 
for many months or even years after birth. Patients with isolated 
transposition of the great arteries usually present shortly after birth with 
profound cyanosis and may die within hours or days if left untreated. 
However patients with these lesions have an excellent long-term survival and 
outcome after surgical correction.  

Many other combination defects, such as truncus arteriosus communis, total 
anomalous pulmonary veins, transposition of the great arteries with VSD 
and/or pulmonary stenosis, may also have an excellent long-term outcome if 
they receive proper medical and surgical treatment.  

- Univentricular heart defects  

In about 10-15% of children who are born with congenital heart defects it is 
impossible to achieve a biventricular circulation. They may be grouped 
together and called “univentricular heart defects”, but rarely there is a heart 
lesion with only one ventricle. The most common combination defects in this 
category are hypoplastic left heart syndrome, double inlet left ventricle and 
tricuspid atresia. They all constitute complex entities where one has to 
surgically control and balance the pulmonary blood flow within the first 
weeks after birth, followed by surgical connection of the superior vena cava 
to the pulmonary artery at some six months after birth (called Glenn-
operation) and then at two or three years of age also connecting the inferior 
vena cava to the pulmonary artery providing all desaturated blood in the 
caval veins to be saturated in the lungs (the Fontan operation or total 
cavopulmonary connection, TCPC).  Several other complex heart defects, 
each unusual, may make a biventricular impossible to achieve.  
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Other paediatric heart diseases 

- Cardiomyopathy may be classified as dilated or hypertrophic. In both 
groups the etiology may be genetic, but often the etiology is unknown. In 
patients with dilated cardiomyopathy mainly the systolic function of the 
heart is affected, while in the patients with hypertrophic cardiomyopathy 
this concerns mainly the diastolic function of the heart. These diseases may 
well affect children under the age of one year who may need life-long 
pharmacological treatment and in many cases even heart transplantation. 

- Pulmonary hypertension in small children is usually secondary to more or 
less complex congenital heart defects, and has to be dealt with as early as 
possible in order to prevent a chronic state of pulmonary vascular disease. 
For example patients with large VSDs, complete atrioventricular septal 
defects as well as patients with truncus arteriosus communis, transposition 
with a large VSD all have to be corrected early, i.e within months, in order to 
avoid pulmonary obstructive vascular disease. Idiopathic pulmonary 
hypertension is seldom seen in children below the age of one year. 

 

Congenital Heart Disease, Respiratory Tract Infections and 
RSV Infection 

Respiratory tract infections, and especially RSV infections can cause acute 
respiratory failure and patients with LRTI may need general supportive 
treatment such as oxygen or CPAP. CHD children may already struggle to 
oxygenate their blood, and thus a LRTI can be fatal. Mortality for CHD 
children infected by RSV has declined over the last 40 years due to e.g. 
hygienic measures and the isolation of RSV infected patients in single rooms, 
but the use of mechanical ventilatory support has not changed as 
significantly over time (5).  

Cardiac surgery performed during RSV infection is associated with an 
increased risk of postoperative complications (33), but other airway 
infections, such as rhinovirus, have also been reported as complicating 
postoperative recovery for CHD children after cardiac surgery (34). Some 
cardiac malformations require surgery within certain timelimit, but since 
operations performed during an RSV infection are associated with an 
increased risk of postoperative complications, an on-going RSV infection 
may prolong time to surgery, which in turn may affect the total health 
outcome for children with CHD. 
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Immunoprophylaxis 

Palivizumab (Synagis®) is a monoclonal antibody, Immunoglobulin G (IgG), 
that reduces the morbidity and mortality of RSV infection (6). Its mechanism 
of action is to inhibit the fusion activity of RSV isolates on epithelial cells in 
the respiratory tract. The prophylaxis is given as a monthly intramuscular 
injection (15 milligram/kilogram) during the RSV season and is 
recommended to certain groups of patients with high risk of severe infection, 
e.g. children with haemodynamically significant heart disease and premature 
infants (35). In Sweden, the paediatric cardiologist prescribes prophylactic 
Palivizumab on an individual basis to children with CHD, according to 
national guidelines first published in 2003 (figure 1)(36), and now updated 
(37). A paediatric nurse at each paediatric cardiology centre administrates 
the injection.  
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Objectives 
The aim of this thesis was to study  

1. Compliance with the national guidelines for RSV prophylaxis for 
children with CHD in Sweden 

2. The morbidity of prophylactically treated children infected with RSV 
3. The relative risk of hospitalization due to RSV infection and 

respiratory tract infection in general, with regard to seasonal 
variation and different types of CHD. 
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Materials and Methods 
To investigate compliance with national guidelines for RSV 
immunoprophylaxis, the research group made a questionnaire (see 
attachment) that was sent to all 34 Swedish paediatric clinics prior to the 
RSV seasons 2010-2011 and 2011-2012. Paediatric nurses completed the 
questionnaire for each child with CHD who received prophylactic treatment 
with Palivizumab during this time. The questionnaire included the patient’s 
personal identity number and the type of CHD according to the international 
classification of diseases (ICD-10) (38). Other information included the 
child’s age in months at the start of treatment, the number of Palivizumab 
injections received and whether the child was infected with RSV. In RSV 
infected cases, information whether the infection caused hospitalization or 
prolonged time to operation or intervention was recorded. 

The medical records were retrieved for all prophylactically treated cases 
infected by RSV. We noted the duration of hospitalization due to RSV 
infection, delays to surgical procedures, oxygen and ventilation support, 
including continuous positive airway pressure (CPAP), mechanical 
ventilation or extracorporeal membrane oxygenation (ECMO). The number 
of prophylactic injections before and after the RSV infection was determined. 
Diagnoses of chromosome defects were also retrieved from these medical 
records.  

Compliance with national guidelines was based on the current guidelines 
published in 2003 (Table 1). The calendar month at the start of treatment 
was estimated based on the child’s reported age at start of treatment. The 
time (in months) between the actual start of treatment and the 
recommendation in the national guidelines – November or the first month of 
life if the child was born during RSV season – was calculated. Treatment was 
considered to be timely if it complied with the guidelines.  

For the first study, all children born in Sweden and younger than two years 
of age were included. The total number of citizens younger than two was 
estimated based on the number of live births recorded in the national 
Statistics Sweden (Statistiska centralbyrån; SCB) database (39), which 
covers more than 99% of live births in Sweden (40). The number of children 
less than two years old with CHD was estimated as number of citizens (<2 
years of age) multiplied by 0.008, since the incidence of CHD is 0.8% of all 
liveborn children in Sweden (29). The number of hospitalized patients due to 
RSV, or other LRTI, during the two-year study period was retrieved from the 
Swedish National Inpatient Register (IPR) (41). IPR includes the dates of 



 

10 

 

admissions and discharges to/from hospitals in Sweden, as well as primary 
and secondary diagnoses (ICD10) (38). International Classification of 
Disease (ICD) diagnoses LRTI (ICD codes J21.9, J20.9, J18.9, J12.9 and 
J22.9) and RSV infection (ICD codes J20.5 and J21.0) were included. The 
register cannot provide information on prophylactic treatment with 
Palivizumab. The Relative Risk (RR) of RSV and unspecified LRTI 
hospitalization was calculated (using MedCalc® (www.medcalc.org)) for 
children with CHD compared to children without CHD, for the study period.  

All children born in Sweden and less than two years old during the study 
period (2006-2011) were included in the second study. The total number of 
patients hospitalized due to LRTI diagnoses, RSV and heart diagnoses was 
retrieved from the IPR. The total number of patients with CHD less than two 
years of age during the study period was also retrieved from the IPR. Using 
the unique personal identity number (42), information on type of congenital 
heart defect as well as hospitalization rates for LRTI or RSV for each child 
with CHD was retrieved. The diagnoses of congenital heart defects were 
divided into eight subgroups, and thus information on the number of 
children in each group, the number of RSV and other LRTI hospitalizations 
in each group as well as children without CHD hospitalized due to RSV or 
LRTI in general was retrieved (Table 2).  

The study period was defined as 1 November 2006 to 31 October 2011. 
Summer season was defined as 1 May – 31 October, and the winter season 
was defined as 1 November – 30 April. The hospitalization rates were 
retrieved for summer and winter season separately. The RR of 
hospitalization due to RSV and unspecified LRTI was calculated (using 
MedCalc® (www.medcalc.org) for the eight subgroups of heart defects, 
comparing one subgroup of heart defect with the children with the other 
types of heart defects and otherwise healthy children.  
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Results 
A total of 219 children were included in the first study covering the 
compliance survey of treatment with RSV prophylaxis Palivizumab over two 
RSV seasons. Of the 34 clinics, 22 (65%) replied the first season and 27 
(79%) replied the second season. For 112 patients (51%), the treatment 
followed the National guidelines with respect to when treatment was 
initiated. A quarter (25%) of the 93 patients born during the RSV season 
started prophylactic treatment after the recommended age of one month 
(range: 1-4 months). Of the 122 patients born prior to the RSV seasons, just 
over half (53%) started treatment later than recommended (Figure 1). The 
number of children with systemic to pulmonary shunts varied between the 
two seasons, with more children with shunts prophylactically treated with 
palivizumab 2011-2012 than 2010-2011 (Figure 2). The calculated RR of RSV 
hospitalization during these seasons was increased, RR=2.06 (95% CI 1.6-
2.6; P < 0.0001), for children with CHD compared to children without CHD. 
Similar results were seen for LRTI in general, with increased risk of 
hospitalization for CHD children, RR=2.35 (95% CI 2.1-2.6; P < 0.0001). 
Most of the children (70%, N=154/219) got their first dose of Palivizumab 
before 6 months of age, 43 children (20%) got their first dose between 6 and 
12 months and 18 children (8%) received their first Palivizumab injection 
after reaching 12 months of age.  

Ten patients (4.6%) with CHD who had received prophylactic treatment with 
Palivizumab were infected with RSV. Eight children were infected during the 
first season and two during the second. Six of these children received only 
one injection prior to the infection. Nine children were hospitalized and 
required supplemental oxygen. CPAP was required for four children and one 
child required mechanical ventilation. ECMO was not used for these patients 
and there were no deaths. In three of the prophylactically treated cases the 
RSV infection prolonged time to operation or intervention (Table 3).  

In the second study the risk of hospitalization due to RSV and LRTI among 
children younger than two years of age was increased for all CHD children 
compared to children without CHD (Table 4.). The RR of hospitalization was 
increased for all subgroups of cardiac diagnoses during winter (Table 5.) For 
the cardiac defects considered less severe, like shunt defects, the RR for 
hospitalization due to RSV was increased both during summer and winter, 
and during winter their RR was approximately the same as the RR for the 
more severe heart diagnoses (Tables 5 and 6). There were overall fewer cases 
of RSV during summer, and the number of children with CHD hospitalized 
due to RSV was small. But for severe types of CHD, the RR of RSV 
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hospitalization during summer was even more increased than the RR for the 
same subgroups of CHD during winter (Table 6). The same pattern was seen 
for LRTI in general, as there was a greater risk of hospitalization in summer 
compared to winter among children with the severe types of CHD (Tables 7 
and 8).  
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Tables and Figures 
Time period for prophylactic treatment: 1 November – 30 March 

Prophylactic treatment (Palivizumab) applies to patients: 

<6 months of age with Down syndrome and AVSD/VSD, not operated 

<6 months of age with shunt defect and heart failure with medication 

<12 months of age with single ventricle and Fontan circulation 

<12 months of age with heart and lung disease 

<12 months of age with pulmonary hypertension 

<12 months of age with severe heart failure (on the waiting list for 
transplantation) 

Table 1. Swedish National Guidelines (published 2003) for prophylactic 
treatment with Palivizumab (Synagis) to CHD children.  

 

 Subgroup ICD-10 code 

Univentricular heart defects Q20.4, Q20.8-9, Q22.4, Q23.2, Q23.4 

Systemic-pulmonary shunt defects  
Q21.0-2, Q21.4-9, Q20.0, Q25.0, Q24.8, Q28.2, 
Q27.3 

Pulmonary hypertension with no other 
cardiac defect  I27.0, I27.8-9 

Other complex CHD  
Q20.1-2, Q22.5, Q23.8, Q24.2, Q24.5, Q24.8, 
Q26.0-9 

Left side outflow obstructions  Q23.0-1, Q23.9, Q24.4, Q25.1, Q25.3-4,  Q27.8 

Right side outflow obstructions Q22.0, Q24.3, Q24.8, Q25.5-7 

Tetralogy of Fallot Q21.3 

Cardiomyopathy  I42.0, I42.2, I42.4-5, I42.8-9 

Table 2. Congenital heart defects, subgrouped according to structural and 
functional type. 
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Patient	   A	   B	   C	   D	   E	   F	   G	   H	   I	   J	   Mean	  

Gender	   M	   M	   F	   F	   M	   M	   M	   M	   F	   F	   	  

Total	  number	  of	  injections	   3	   4	   5	   4	   6	   5	   2	   4	   2	   3	   3.8	  

Number	  of	  injections	  prior	  to	  
RSV	  infection	   1	   1	   1	   1	   4	   1	   2	   2	   1	   2	   1.5	  

Number	  of	  injections	  post	  RSV	  
infection	   2	   3	   4	   3	   2	   4	   0	   2	   1	   1	   2.3	  

Days	  of	  hospitalization	   0	   5	   5	   11	   4	   16	   1	   18	   26	   26	   11.2	  

Age	  (months)	  at	  RSV	  infection	   7	   1	   6	   3	   6	   1,5	   1,5	   3,5	   2	   9	   4.05	  

Calendar	  month	  for	  RSV	  
infection	   2	   2	   11	   1	   4	   12	   1	   3	   1	   2	   	  

Chromosome	  disorders	  
(trisomy)	   No	   No	   No	   21	   No	   21	   No	   No	   No	   13	   	  

Required	  oxygen	   No	   Yes	   Yes	   Yes	   Yes	   Yes	   Yes	   Yes	   Yes	   Yes	   	  

CPAP	   No	   No	   No	   Yes	   No	   Yes	   No	   No	   Yes	   Yes	   	  

Mechanical	  ventilator	   No	   No	   No	   No	   No	   No	   No	   Yes	   No	   No	   	  

Prolonged	  time	  to	  operation	   Yes	   No	   Yes	   No	   No	   Yes	   No	   No	   No	   No	   	  

Table 3. Characteristics of prophylactically treated patients with CHD 
infected with RSV. 
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	   	   CHD	   Non	  CHD	   RR	   CI	  (95%)	   P	  value	  

Winter	  

 
Number	  of	  children	  
hospitalized	  due	  to	  RSV	  

394	   7539	   	   	   	  

	   Number	  of	  children	  non	  
hospitalized	  due	  to	  RSV	  

9084	   1078644	   5.99	   5.42-‐6.61	   <	  0.0001	  

Summer	   Number	  of	  children	  
hospitalized	  due	  to	  RSV	  

41	   545	   	   	   	  

	   Number	  of	  children	  non	  
hospitalized	  due	  to	  RSV	  

9263	   1095895	   8.87	   6.46-‐12.17	   <	  0.0001	  

Winter	   Number	  of	  children	  
hospitalized	  due	  to	  LRTI	  

452	   7154	   	   	   	  

	   Number	  of	  children	  non	  
hospitalized	  due	  to	  LRTI	  

9041	   1079014	   7.23	   6.59-‐7.93	   <	  0.0001	  

Summer	   Number	  of	  children	  
hospitalized	  due	  to	  LRTI	  

276	   3158	   	   	   	  

	   Number	  of	  children	  non	  
hospitalized	  due	  to	  LRTI	  

9064	   1093246	   10.26	   9.09-‐11.58	   <	  0.0001	  

Table 4. Relative Risk of hospitalization due RSV and LRTI in summer and 
winter season. Five year study period. 
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Table 5. The Relative risk of RSV hospitalization in the winter season, 1 
November to 30 April. Five-year study period. 

Diagnosis	   Number	   of	   children	   hospitalized	  
due	  to	  RSV	  infection	  

Non	  hospitalized	   RR	   	  CI	  (95%)	   P-‐value	  

Univentricular	  heart	  
defects	  

7	   218	   	   	   	  

All	  children	  except	  
univentricular	  

7926	   1087510	   4.3	   2.1-‐8.9	   0.0001	  

Systemic-‐pulmonary	  
shunt	  defects	  

272	   6614	   	   	   	  

All	  children	  except	  
shunt	  defects	  

7661	   1081114	   5.61	   5.0-‐6.3	   <0.0001	  

PH	  (pulmonary	  
hypertension)	  

8	   124	   	   	   	  

All	  children	  except	  PH	   7925	   1087604	   8.4	   4.3-‐16.4	   <0.0001	  

Other	  complex	  CHD	   15	   362	   	   	   	  

All	  children	  except	  
complex	  CHD	  

7918	   1087366	   5.5	   3.4-‐9.0	   <0.0001	  

Left	  side	  outflow	  
obstructions	  

45	   894	   	   	   	  

All	  children	  except	  left	  
side	  obstruction	  

7888	   1086834	   6.7	   4.1-‐8.9	   <0.0001	  

Right	  side	  outflow	  
obstructions	  

30	   524	   	   	   	  

All	  children	  except	  
right	  side	  obstruction	  

7903	   1087204	   7.5	   5.3-‐10.6	   <0.0001	  

Tetralogy	  of	  Fallot	   13	   230	   	   	   	  

All	  children	  except	  
Fallot	  

7920	   1087498	   7.4	   4.4-‐12.6	   <0.0001	  

Cardiomyopathy	   4	   118	   	   	   	  

All	  children	  except	  
Cardiomyopathy	  

7929	   1087610	   4.5	   1.7-‐11.9	   0.0021	  
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Table 6. The Relative Risk of RSV hospitalization in the summer season, 1 

May to 31 October. Five-year study period. 

Diagnosis	   Number	  of	  children	  hospitalized	  
due	  to	  RSV	  infection	  

Non	  
hospitalized	  

RR	   95%	  CI	   P	  value	  

Univentricular	  heart	  
defects	  

2	   193	   	   	   	  

All	  children	  except	  
univentricular	  

584	   1104965	   19.4	   4.9-‐77.3	   <0.0001	  

Systemic-‐pulmonary	  
shunt	  defects	  

27	   6787	   	   	   	  

All	  children	  except	  shunt	  
defects	  

559	   1098371	   7.8	   5.3-‐11.5	   <0.0001	  

PH,	  pulmonary	  
hypertension	  

0	   132	   	   	   	  

All	  children	  except	  PH	   586	   1105026	   0	   0	   0	  

Other	  complex	  CHD	   5	   342	   	   	   	  

All	  children	  except	  
complex	  CHD	  

581	   1104816	   27.4	   11.4-‐65.7	   <0.0001	  

Left	  side	  outflow	  
obstructions	  

3	   918	   	   	   	  

All	  children	  except	  left	  
side	  obstruction	  

583	   1104240	   6.2	   2.0-‐19.2	   0.0016	  

Right	  side	  outflow	  
obstructions	  

1	   500	   	   	   	  

All	  children	  except	  right	  
side	  obstruction	  

585	   1104658	   3.8	   0.5-‐26.8	   0.1843	  

Tetralogy	  of	  Fallot	   3	   245	   	   	   	  

All	  children	  except	  Fallot	   583	   1104913	   22.9	   7.4-‐70.8	   <0.0001	  

Cardiomyopathy	   0	   146	   	   	   	  

All	  children	  except	  
Cardiomyopathy	  

586	   1105012	   0	   0	   0	  
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Table 7. The Relative Risk of LRTI hospitalization in the winter season, 1 

November to 30 April. Five-year study period. 

Diagnosis	   Number	   of	   children	   hospitalized	  
due	  to	  Resp.	  tract	  infection	  

Non	  
hospitalized	  

RR	   95%	  CI	   P	  value	  

Univentricular	  heart	  
defects	  

13	   210	   	   	   	  

All	  children	  except	  
univentricular	  

7593	   1087845	   8.4	   5.0-‐14.3	   <0.0001	  

Systemic-‐pulmonary	  
shunt	  defects	  

290	   6610	   	   	   	  

All	  children	  except	  shunt	  
defects	  

7316	   1081445	   6.3	   5.6-‐7.0	   <0.0001	  

PH	  (pulmonary	  
hypertension)	  

17	   115	   	   	   	  

All	  children	  except	  PH	   7598	   1087940	   18.6	   11.9-‐30.0	   <0.0001	  

Other	  complex	  CHD	   26	   350	   	   	   	  

All	  children	  except	  
complex	  CHD	  

7580	   1087705	   10.0	   6.9-‐14.5	   <0.0001	  

Left	  side	  outflow	  
obstructions	  

49	   889	   	   	   	  

All	  children	  except	  left	  
side	  obstruction	  

7557	   1087166	   7.6	   5.8-‐10.0	   <0.0001	  

Right	  side	  outflow	  
obstructions	  

30	   526	   	   	   	  

All	  children	  except	  right	  
side	  obstruction	  

7576	   1087529	   7.8	   5.5-‐11.1	   <0.0001	  

Tetralogy	  of	  Fallot	   16	   229	   	   	   	  

All	  children	  except	  Fallot	   7590	   1087826	   9.4	   5.9-‐15.1	   <0.0001	  

Cardiomyopathy	   11	   112	   	   	   	  

All	  children	  except	  
Cardiomyopathy	  

7595	   1087943	   12.9	   7.3-‐22.7	   <0.0001	  
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Table 8. The Relative Risk of LRTI hospitalization in the summer season, 1 

May to 31 October. Five-year study period. 

Diagnosis	   Number	   of	   children	   hospitalized	  
due	  to	  Resp.	  tract	  infection	  

Non	  
hospitalized	  

RR	   	  CI	  (95%)	   P-‐value	  

Univentricular	  heart	  defects	   7	   218	   	   	   	  

All	  children	  except	  
univentricular	  

7926	   1087510	   21.3	   12.6-‐36.1	   <0.0001	  

Systemic-‐pulmonary	  shunt	  
defects	  

272	   6614	   	   	   	  

All	  children	  except	  shunt	  
defects	  

7661	   1081114	   8.0	   6.9-‐9.4	   <0.0001	  

PH	  (pulmonary	  
hypertension)	  

8	   124	   	   	   	  

All	  children	  except	  PH	   7925	   1087604	   24.5	   13.5-‐44.4	   <0.0001	  

Other	  complex	  CHD	   15	   362	   	   	   	  

All	  children	  except	  complex	  
CHD	  

7918	   1087366	   13.0	   7.8-‐21.7	   <0.0001	  

Left	  side	  outflow	  
obstructions	  

45	   894	   	   	   	  

All	  children	  except	  left	  side	  
obstruction	  

7888	   1086834	   13.7	   10.1-‐18.7	   <0.0001	  

Right	  side	  outflow	  
obstructions	  

30	   524	   	   	   	  

All	  children	  except	  right	  
side	  obstruction	  

7903	   1087204	   12.2	   7.8-‐19.0	   <0.0001	  

Tetralogy	  of	  Fallot	   13	   230	   	   	   	  

All	  children	  except	  Fallot	   7920	   1087498	   15.4	   8.9-‐26.9	   <0.0001	  

Cardiomyopathy	   4	   118	   	   	   	  

All	  children	  except	  
Cardiomyopathy	  

7929	   1087610	   13.3	   6.0-‐29.0	   <0.0001	  
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Figure 1. Number of patients starting prophylactic treatment at 
recommended time of year according to national guidelines.  

 
 

Figure 2. Diagnoses of children prophylactically treated with Palivizumab 
during RSV seasons 2010-2011 and 2011-2012. 
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Discussion 

Half of the patients (51%) received treatment with Palivizumab on time 
according to the national guidelines on prophylactic treatment. However, 
half of the patients started treatment later than recommended and especially 
children born during the RSV season were late to start. There were more 
prophylactically treated children affected by RSV infection than expected as 
ten children out of a total of 219 children over the two seasons were RSV 
infected in the first study. The risk of hospitalization due to RSV infection, as 
well as unspecified LRTI, increased for children with CHD, as well as for all 
of the different types of CHD subgroups. This was true for the summer and 
winter seasons. In summer, the risk increased even more for children with 
the most severe CHD. The Swedish national guidelines on RSV prophylaxis 
were published in 2003 (Table 1), and preliminary results from the first 
study led to updated guidelines that were published in 2013. The updated 
guidelines recommend starting of the prophylactic treatment according to 
when the RSV season starts locally, that children who were expected to 
develop heart failure during the season shall start prophylactic treatment at 
start of RSV season and if RSV infects the child no further injections should 
be given (37). 

 

Methodological considerations 

1) Hospital rates and morbidity  

Calculating the RR of hospitalization is one method for estimating the 
severity of illness among children with CHD and has been used in several 
studies (1, 6, 7). However, hospitalization rates do not necessarily reflect the 
severity of the infection and the condition of the child. The threshold for 
admission may vary between different hospitals in different geographic 
settings as patients who live further away from the hospital may have a lower 
threshold for admission to the hospital. There may also be individual 
differences between clinicians with different knowledge and experiences, 
which may introduce a selection bias in our studies as doctors may be more 
prone to hospitalize children with CHD living far away. Strengths, however, 
are that our studies cover a long period of time and have a nation-wide 
setting.  
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2) Relation to national guidelines 

In our first study we evaluated if patients age at start of prophylactic 
treatment complied with national guidelines, whereas in the second study we 
had no information about RSV prophylaxis or the age of patients when they 
started prophylactic treatment. Knowing whether patients received 
treatment outside the current age recommendation and recommended time 
period for treatment would have made it possible to interpret the results of 
the second study further in terms of age at start of treatment and if any 
group of patients were missed in the prophylactic programme. Access to 
medical journals of the patients would have been needed to obtain such 
information. However, the results from the first study, where we had such 
information, indicate that children with CHD did not receive prophylaxis 
that exceeded the guidelines, but instead sometimes the treatment was 
delayed. Also, in the first study 18 children were prophylactically treated 
with Palivizumab above the recommended age of 12 months (Table 4). This 
may have been influenced by the epidemiological status of RSV in the local 
community, as well as by the guidelines for RSV prophylaxis in other 
countries (43). In some countries, prophylactic treatment with Palivizumab 
was recommended for children with CHD up to 24 months of age, whereas 
the Swedish national guidelines of the time recommended 12 months as the 
upper age limit.  

3) RSV testing and correct diagnosis 

There may be seasonal and regional variations in RSV testing in Sweden. As 
the treatment for most types of viral LRTI is similar, it is of little importance 
to the clinician whether the child has RSV or not and thus not all affected 
children are tested. We believe that there is a risk of under-reporting RSV 
incidence. This applies to children with as well as without CHD, which 
minimizes the risk of selection bias. One can speculate that the testing and 
reporting of RSV cases is adequate in the winter, when RSV prevalence 
peaks. However, RSV infections can occur sporadically throughout the year 
(25). Testing for RSV during summer is not evaluated and RSV incidence is 
not published by the Public Health Agency of Sweden’s website. Publishing 
reports on RSV cases all year round could contribute to greater awareness 
that the disease can also present in the summer. 

There are different methods of testing for RSV. Real time PCR is a sensitive 
test with high specificity, while direct antigen testing has lower sensitivity 
and higher risk of false negative results (44). Information about the method 
used for diagnosing RSV is lacking in our studies, as this information is not 
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recorded in the IPR. However, this accounts for children with CHD as well as 
children without CHD, which minimize the risk of selection bias due to 
testing method. We chose to study the risk of hospitalization du to LRTI in 
genereal as well as RSV. Some patients with LRTI may have been RSV 
infected but not tested, and thereby misclassified in the IPR, which is why we 
chose to include LRTI in genereal in our studies. The risk of hospitalization 
for children with CHD was similar for RSV infection LRTI in general.  

4) Validity of IPR 

One limitation of register-based studies such as this one is the dependence 
on correct registration and diagnostic codes. Medical doctors are responsible 
for the correct diagnosis and there is a risk of misclassification. The exact 
number of patients with missing data on primary diagnoses and other 
diagnostic errors (like incorrect diagnoses) has not been validated for CHD 
diagnoses, but the overall positive predictive values (PPVs) for IPR are 
approximately 85-95% (41).  By covering a long study period the risk of 
misclassification by means of differences in registration is limited. Further, 
by using a long study period the number of included patients was larger, 
which made analysis of risks in different subgroups possible.  

5) Information on prophylaxis 

We studied the risk of hospitalization during an era when Palivizumab was 
established as prophylaxis for severe RSV infection. The risk of RSV 
hospitalization for CHD children, as well as the number of prophylactically 
treated CHD children infected by RSV, was greater than expected in our 
studies. However, information on prophylaxis is missing in register-based 
studies. Information of prophylaxis on an individual basis would have 
improved the possibility to study whether a specific type of CHD seemed to 
benefit more from prophylaxis than others, and if a subgroup of CHD was 
missing in the prophylactic programme. In our first study we found a stable 
number of prophylactically treated children with univentricular heart 
circulation, whereas the number of children with systemic to pulmonary 
shunts varied between the two seasons (Figure 2). The number of 
prophylactically treated children with systemic to pulmonary shunts 
increased, which may have been caused by a greater knowledge of the 
prophylactic programme among doctors as the study on compliance with 
guidelines for the use of Palivizumab was well advertised. 
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6) Other risk factors 

Information on siblings, living conditions, environmental tobacco exposure, 
short duration of breastfeeding and other risk factors also associated with a 
higher risk of RSV hospitalization (45, 46) and are not available in the IPR. 
This is a limitation to the studies. Such information could be added by 
including information from other registries. However, this information is 
lacking for children with CHD as well as without CHD, which makes the risk 
of bias due to confounding factors small. 

   

Findings and Clinical Implications 

Prophylactic treatment with Palivizumab is painful, expensive and only 
recommended when RSV incidence is at its highest (35, 47). In our study, the 
number of RSV-infected children was small during the summers. Rather 
than suggesting prophylactic treatment for an extended period of time, we 
would like to stress the overall vulnerability these children carry, including 
the risk of RSV infection and severe unspecified LRTI throughout the year. 
We argue that information to parents and health personnel must include 
that the risk of severe LRTI also is occurring in summer. Further, seasonal 
variation combined with regional variation for the RSV epidemic onset 
should indicate when to initiate prophylactic treatment, rather than a 
specific date.  

Omitting or delaying Palivizumab prophylaxis has been linked to increased 
rates of re-hospitalization (48) and arguments for adherence to the 
prophylactic programme have been discussed (49). Our study highlights and 
contributes to knowledge of national guidelines for the prophylactic 
treatment of RSV infection, and it is the first study to investigate clinical 
concordance with national guidelines of RSV prophylactic treatment. 
Prophylaxis was provided in line with the national guidelines in only half of 
the cases and there is great potential for improvement. However, over the 
course of the study we observed an improvement in the starting time of 
treatment from the first RSV season of the study compared to the second 
(46% compared to 56% respectively) (Figure 1). One can speculate that the 
on-going study highlighted the existing guidelines for prophylactic treatment 
and thus increased the number of children receiving treatment as well as the 
timing of treatment. We hope that knowledge of the national guidelines for 
RSV prophylaxis among paediatric cardiologists and other doctors has now 
increased even further.  
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In the first study, RSV infected ten out of 219 children (4,6%) who had been 
prophylactically treated with Palivizumab. This is a percentage of infected 
children somewhat higher than other previous studies (50). Most of these 
patients were infected in January and February, which was during the start 
of the RSV seasons and before the peak incidence of RSV cases for these two 
seasons (2010-2011 and 2011-2012) according to reports from the public 
health agency of Sweden (51). Four out of ten prophylactically treated, RSV 
infected children, received the first injection from just days up to four weeks 
before being infected by RSV. Three of the ten patients infected by RSV were 
delayed for operation. We also found that each of the ten patients had the 
start of prophylactic treatment delayed by one or two months according to 
guidelines. The timing for starting prophylactic treatment should be aligned 
with the epidemiology of RSV in the local community to provide protection 
before the outbreak reaches its peak. To benefit from the 
immunoprophylaxis, the children need to have received the injection before 
being exposed to the virus. Palivizumab inhibits virus transcription and 
needs to be at a certain serum level to do so. The half-life of the antibody is 
approximately 20-30 days, so a new injection is recommended after 30 days 
for the patient to stay protected (52).  

The group of children with congenital heart defects or other heart conditions 
show great heterogeneity in clinical presentation and severity. 
Recommendations on prophylactic treatment should therefore preferably 
consider the child’s current, as well as predicted, condition during the 
upcoming RSV season, rather than the diagnosis.  For example, a systemic to 
pulmonary shunt has a variety of clinical presentations, and the child may 
develop heart failure as pulmonary resistance declines. This child would 
therefor benefit from prophylactic treatment if the treatment started prior to 
established heart failure. 

Our study indicates that children with severe heart defects (such as children 
with univentricular heart defects) are at higher risk of hospitalization in 
summer, and that their risk of hospitalization during winter, when 
prophylactic treatment is recommended, is slightly less. In our study, 
children with less severe conditions (such as systemic to pulmonary shunts) 
had an increased risk of hospitalization at about the same level both during 
winter and summer. They might have been regarded as less vulnerable to 
RSV and other LRTI and therefore not prophylactically treated. Our 
interpretation of this is that children with systemic to pulmonary shunts 
have increased risk of hospitalization and would therefore benefit from 
prophylactic treatment. 
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Risk factors for RSV hospitalization are CHD, along with premature birth 
and other chronic diseases (8). Other additional risk factors are prenatal 
exposure to maternal smoking and exposure to environmental tobacco 
smoke, lack of breastfeeding, living in crowded households, low birth weight, 
day-care attendance, and young siblings in the household (4). An Italian 
study has recommended considering Palivizumab prophylaxis if the child 
has a combination of several risk factors (45). The revised Swedish 
guidelines, published in 2013, include some of the above-described risk 
factors. We would like to stress that the clinician must consider risk factors 
additional to the heart defect when prescribing RSV prophylactic treatment.  

Cardiac malformations are of different degrees and severity, which may 
affect parents and influence the clinician’s decision in many ways. A minor 
septal defect may lead to alertness among parents and clinicians, lowering 
the threshold for admission when the child suffers from LRTI. More severe 
cardiac malformation may increase the motivation to keep the child away 
from potential RSV exposure, like day care centres, which may affect the 
number of RSV-infected children in this category, or at least contribute to an 
older age at the first RSV infection. Despite established prophylactic 
treatment with Palivizumab, the risk of RSV hospitalization remains high for 
children with CHD (53, 54). RSV infection is very common and avoiding all 
possible sources of infection, like siblings, day care centres etcetera is almost 
impossible. Parents and doctors must carefully consider if the sacrifice it 
means to isolate a child or family is worth the risk reduction.  

There is a possibility that CHD children are hospitalized more often than 
children without CHD when seeking emergency care for airway symptoms. 
However, awareness of nosocomial infection is of great importance; the 
decision to admit the child must be well validated so that no children, with or 
without CHD, get an unnecessary nosocomial infection. The cost 
effectiveness of Palivizumab has also been debated and still is. Where to 
draw the line between children who should receive prophylaxis and children 
that perhaps can do without, is difficult, and guidelines can be a tool for the 
clinician. However, individual recommendations for each child, regarding 
prophylactic treatment as well as reducing the potential area of exposure are 
essential to reach the best protection. 

 



 

27 

 

Further Studies 

We have studied hospitalization rates as a measure of severity of LRTI and 
RSV infection. However, hospitalization rates do not measure the clinical 
condition of the child. Ideally, children receiving prophylaxis should present 
less severe symptoms when admitted to the hospital’s emergency 
department with RTI than non prophylactically treated children. This 
applies to all children with known risk factors who are treated with 
Palivizumab. However, the child may not necessarily need hospitalization. 
Clinicians may have different thresholds for hospitalizing children with LRTI 
and RSV infections. The clinical condition of an RSV infected child with CHD 
during an era of established prophylactic treatment with Palivizumab in 
Sweden is unknown. One Turkish case-control study presents lower 
hospitalization rates for children with CHD receiving Palivizumab 
prophylaxis (9). A study of vital signs and severity of the infection (RSV as 
well as other viruses) could however, further increase knowledge of the 
clinical effectiveness of Palivizumab in CHD children. 

Our first study (55) revealed delayed prophylactic treatment, a shift in the 
number of patients included in the programme and more prophylactically 
treated children with CHD that were infected by RSV than expected. The 
guidelines were therefore updated and published in September 2013. A 
follow-up on compliance to the updated guidelines is warranted.  

The cost-effectiveness of prophylaxis with Palivizumab for children with 
heart conditions has been debated but was not addressed in our research. 
Studies on cost-effectiveness for CHD children are lacking in Sweden and are 
few in Scandinavia. Further research in this area is needed. One Norwegian 
study concludes that Palivizumab prophylaxis is not cost-effective for 
children with the most severe forms of CHD and that the number needed to 
treat (NNT) with Palivizumab is 24 to avoid one hospitalization (56). 
Children with severe CHD are more likely to need hospitalization when 
infected with RSV, even if prophylactic treatment was given and therefore 
NNT can be inadequate in evaluation of cost-effectiveness for Palivizumab. 
Further, the number of children that have to postpone time to operation due 
to RSV infection can influence the costs and be beneficial to prophylactic 
treatment. Evaluation of the clinical status of the infected CHD child, as well 
as the severity of the infection (measured by days of intensive care etc.), may 
be more relevant to assess the costs of prophylactic treatment for children 
with severe heart disorders.  
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RSV is still a serious infection, especially in children with CHD, and these 
children should therefore be protected. The only known effective 
prophylactic treatment is painful and expensive and is not recommended all 
year round (35, 47). Development of an RSV vaccine will hopefully be more 
successful in the future.  

The American Academy of Pediatrics updated guidance for Palivizumab 
prophylaxis with inclusion of children with CHD, chronic lung disease and 
prematurity was published in August 2014 (35). In these guidelines, children 
living in remote regions where the RSV burden is considered greater were 
mentioned as groups that may be extra vulnerable (Alaska Native and 
American Indian infants). In northern Scandinavia lives the indigenous Sami 
population. If children to the Sami reindeer herders could be an extra 
vulnerable group has, to our knowledge, not yet been discussed and they 
have not yet been considered a risk population of severe RSV. Further 
studies in this area can be discussed. 
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Conclusions	  
- Only half of patients with CHD received RSV prophylactic treatment in 
time according to the national guidelines. 

- CHD is a risk factor for hospitalization for RSV infection and unspecified 
LRTI, both in the winter and summer. 

- Children with severe heart defects have a further increased risk of 
hospitalization due to RSV infection and unspecified LRTI in the summer 
compared to the winter. 
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