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A B S T R A C T 

Objectives: There is no guideline in Hong Kong 
regarding respiratory syncytial virus (RSV) 
immunoprophylaxis for children with heart disease 
because of a lack of local data on RSV infection. 
Therefore, this study evaluated the epidemiology 
and impact of RSV infection on children with 
heart disease in Hong Kong, with the goal of 
providing recommendations regarding RSV 
immunoprophylaxis.
Methods: This multicentre retrospective case-
control study on paediatric RSV infection was 
conducted in four local regional hospitals from 2013 
to 2015. The patients’ demographic and clinical data 
were retrieved and analysed.
Results: There were 3538 RSV hospitalisations 
during the study period, and the mortality rate was 
0.14%. Some RSV seasonality was present in Hong 
Kong, primarily in spring and summer. Respiratory 
syncytial virus infection was positively correlated 
with relative humidity and negatively correlated with 
wind speed and atmospheric pressure. Patients with 
heart disease had a more severe outcome than those 
without, including longer median hospital stay (4 vs 
2 days, P<0.001), higher complication rate (28.6% 
vs 9.8%, P<0.001), and higher rates of intensive care 
(11.6% vs 1.4%, P<0.001) and mechanical ventilation 
(3.6% vs 0.4%, P=0.003). Complications in non-
cardiac patients included myocarditis and Kawasaki 
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disease. Predictors of severe RSV infection in patients 
with heart disease were heart failure, pulmonary 
hypertension, and severe airway abnormalities 
associated with congenital heart disease.
Conclusions: Respiratory syncytial virus infection 
occurs mainly in spring and summer in Hong 
Kong, and is related to meteorological conditions. 
Respiratory syncytial virus infection poses a heavy 
disease burden on children with heart disease. A 
local guideline on RSV immunoprophylaxis for these 
children is therefore needed.

This article was 
published on 9 Oct 
2019 at www.hkmj.org.

New knowledge added by this study
•	 This study reviewed the epidemiology and impact of respiratory syncytial virus (RSV) infection on children 

with heart disease (HD) in Hong Kong.
•	 RSV infections are common in Hong Kong, and the incidence peaks from March to August; prevalence is 

greatest in children aged <1 year, and there is a mild male preponderance. Infection is favoured by high relative 
humidity, low wind speed, and low atmospheric pressure.

•	 HD, both congenital and acquired, is a distinct risk factor for severe RSV infection in terms of hospital length 
of stay, reinfection, complication, respiratory failure, and the requirements for intensive care unit care and 
mechanical ventilation.

Implications for clinical practice or policy
•	 A local guideline on RSV immunoprophylaxis is needed for children with HD.
•	 In Hong Kong, an RSV immunoprophylaxis scheme administered monthly for 5 months, beginning in the first 

year of life, should be considered in children with HD who exhibit any of the following severity predictors: heart 
failure, pulmonary hypertension, and severe airway abnormalities associated with congenital HD.

•	 The optimal timing for immunoprophylaxis may be during the local peak of infection, from March to August.

https://creativecommons.org/licenses/by-nc-nd/4.0/
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香港的呼吸道合胞病毒感染流行病學及其對心臟
病患兒的影響：多中心研究

李淑嫻、韓錦倫、趙華強、丁恩榮、林樹仁

目的：由於香港缺乏心臟病患兒呼吸道合胞病毒（RSV）感染的數
據，現時沒有針對心臟病患兒RSV免疫預防的指導方針。本研究評估
RSV感染的香港流行病學和對心臟病患兒的影響，以提供RSV免疫預
防建議。

方法：這項針對兒科RSV感染的多中心回顧性病例對照研究於2013年
至2015年在香港四所區域醫院的兒科部門進行，檢索並分析香港RSV
感染的流行病學和臨床數據。

結果：研究期間共3538宗RSV住院案例，死亡率為0.14%。在香
港RSV感染亦有輕微的季節性，兒童RSV感染主要於春季和夏季發
生。RSV感染與相對濕度呈正關聯，與風速和大氣壓呈負關聯。心臟
病患兒感染RSV的結果比沒有心臟病兒童更為嚴重，包括更長住院
時間（4天比2天，P<0.001）、更高併發症發生率（28.6%比9.8%，
P<0.001）、更高深切治療部入住率（11.6%比1.4%，P<0.001）和更
高呼吸機使用率（3.6%比0.4%，P=0.003）。非心臟病患者的併發症
包括心肌炎和川崎氏病。本研究顯示心力衰竭、肺動脈高壓和先天性

心臟病相關的嚴重氣道異常可預測心臟病患兒RSV感染的嚴重性。

結論：香港RSV感染主要於春季和夏季發生，感染率與氣象有
關。RSV感染給心臟病患兒帶來沉重疾病負擔，故有需要為他們作出
RSV免疫預防的本地建議。

Introduction
Respiratory syncytial virus (RSV) infection poses 
a heavy disease burden in children worldwide.1,2 
Haemodynamically significant congenital heart 
disease (hs-CHD) has been mainly studied and 
identified as a risk factor for severe RSV infection.3,4 
National immunoprophylaxis policies for RSV 
in children have been adopted worldwide.5-11 In 
Hong Kong, under the Paediatric Coordinating 
Committee of the Hospital Authority, guidelines and 
government funding for RSV immunoprophylaxis 
for children with bronchopulmonary dysplasia of 
prematurity were established in 2012.12 However, 
no consensus has been reached regarding guidelines 
for RSV immunoprophylaxis for children with 
congenital or acquired heart disease (HD), because 
the epidemiology and impact of RSV infection on 
these patients have not been delineated in Hong 
Kong.13-16 It has been suggested that the high 
morbidity and mortality rates of RSV infection in 
children with hs-CHD observed during the pre-
palivizumab era3 are no longer applicable, owing to 
advances in healthcare. To widen the scope of the 
study regarding HD there is a need to conduct an 
updated local study regarding the epidemiology and 
impact of RSV infection on children with all types 
of HD, with the aim of providing evidence-based 
recommendations for RSV immunoprophylaxis.

Methods
Study design
Hong Kong has a population of 7.48 million, 
including a paediatric population (aged ≤18 years) 
of approximately 1.1 million. Over 90% of in-patient 
service and nearly all tertiary service is provided 
by the public health system. There are 12 public 
hospitals providing approximately 1500 acute 
paediatric beds, of which 45 are paediatric intensive 
care beds; the total annual discharges and deaths 
are approximately 88 500. The present study was a 
multicentre retrospective case-control study of RSV 
infection in children in four hospitals with large 
paediatric departments, including 22 paediatric 
intensive care beds and approximately 630 acute 
paediatric beds, from 1 January 2013 to 31 December 
2015.

Recruitment criteria
Paediatric patients were recruited using the Clinical 
Data Analysis and Reporting System electronic 
database of the Hong Kong Hospital Authority. The 
inclusion criteria were: (1) any discharge diagnosis of 
RSV infection, including bronchiolitis and pneumonia 
[International Classification of Diseases, Ninth 
Revision, codes: 079.6 (0), 466.0 (9), 466.11, 480.1]; 
and (2) laboratory confirmation of RSV infection 
from patients’ nasopharyngeal or endotracheal 
secretions, either by immunofluorescent antigen 
staining (D3 Ultra 8 DFA; Diagnostic Hybrids Inc, 
Athens [OH], US) or RNA detection by reverse 
transcriptase polymerase chain reaction (Xpert 
Xpress Flu/RSV; Cepheid, Sunnyvale [CA], US).

Data collection
Information was collected regarding epidemiologic 
characteristics, demographics, and clinical 
information (eg, laboratory and pharmacy data, pre-
existing co-morbidities, complications, reinfection, 
and intensive care unit [ICU] and ventilator 
requirements). Complications were defined as new 
secondary diagnosis related to RSV infection in a 
specific episode. Heart disease was defined as the 
presence of any active HD, including structural 
defects and cardiomyopathies. Patients who showed 
complete resolution of HD were considered normal. 
Diagnosis was confirmed by echocardiography, 
with or without cardiac catheterisation. Details of 
HD were retrieved, such as haemodynamic status, 
need for medication, and need for operation. 
One designated paediatrician from each hospital 
verified and retrieved information from the patients’ 
paper records, if needed. The numbers of hospital 
admissions for acute respiratory infections in the 
same period were also retrieved from each hospital. 
Meteorological information was obtained from the 
electronic database of the Hong Kong Observatory.
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Main outcomes
First, the epidemiology of RSV infection and its 
association with meteorological conditions in the 
entire cohort was studied. Then patients were 
excluded if they had significant co-morbidities 
other than HD, including chronic lung disease, 
neuromuscular problems, and immunocompromised 
status, which are expected to increase the severity 
of RSV infection.17-19 Patients with social problems 
awaiting placement in the hospital causing undue 
prolonged hospital stay were also excluded. 
The remaining patients were then divided into 
heart disease (HD) and control (without any co-
morbidities) groups to compare the severity of RSV 
infection. Cardiac patients alone were analysed to 
identify cardiac predictors of severe outcome from 
RSV infection (Fig 1).

Statistical analysis
Statistical analysis was conducted using SPSS 
(Windows version 23.0; IBM Corp, Armonk [NY], 
US). Continuous data were tested for normality. There 
was a large difference in sample size between the 
HD and control groups; therefore, non-parametric 
tests were used to compare these groups: the Mann-
Whitney U test was used for univariate analysis of 
continuous data, and the Chi squared test or Fisher’s 
exact test were used for categorical variables, where 
appropriate. The same statistical analyses were 
repeated using a smaller control group (1/10 of the 
original size), which was obtained by generating 
an age- and sex-matched random sample from the 
original control group. This repeat analysis yielded 
similar results, which showed that the statistical tests 
used were acceptable despite the large discrepancy in 
sample size. Univariate and multivariate regression 
analyses were also performed. A backward variable 
selection method was used for model building. 
Results were considered statistically significant 
when P≤0.05.

Results
Epidemiology
There were 3538 RSV-related hospital admissions in 
the four paediatric departments during the 3-year 
period, which constituted 11.8% of acute respiratory 
infection admissions to the four departments and 
43% of all RSV admissions to public hospitals in 
Hong Kong. The age distribution of the admitted 
patients is shown in Table 1. The RSV infections 
primarily affected children aged <5 years: 96.2% 
in the entire cohort and 97.3% in the HD group. 
Furthermore, RSV infections were most common 
in children aged <1 year: 44.6% in the entire cohort 
and 56.3% in the HD group. There was a mild male 
sex preponderance in the entire cohort, as well as 
in the HD group: male-to-female ratios of 1.32 and 

1.29). The mortality rates were 0.14% (n=5) in the 
entire cohort and 0% in the HD group. All patients 
who died had an underlying chronic illness, such as 
congenital hereditary muscular dystrophy, spinal 
muscular atrophy, acute leukaemia, or asthma.
	 The aggregated monthly trend of RSV infection 
is shown in Figure 2. Most infections (87.7% of those 
in the entire cohort and 91.1% of those in the HD 
group) occurred during the period from January 
to September, peaking from March to August 
(the spring and summer months). With respect to 
meteorological factors, bivariate correlation analysis 
of the entire cohort showed that the aggregated 
monthly RSV incidence had a statistically significant 
positive correlation with the monthly mean 
relative humidity (r=0.71, P=0.010) and statistically 
significant negative correlations with the monthly 

FIG 1.  Inclusion and exclusion criteria

Entire cohort, 3538 episodes 
(for epidemiology study)

Patient episodes for study to 
compare the severity between 
patients with heart disease and 
without, 3313 episodes

Patients fulfilled exclusion criteria, 
225 episodes

Patients including chronic diseases 
other than heart disease and 
patients with social problems such 
as child abuse waiting for placement 
in the hospital and thus unduly 
prolonging their length of stay 
were excluded so as to remove 
confounding factors that will 
affect the outcome of respiratory 
syncytial virus infection

Heart disease group, 112 
episodes to identify severity 
predictors in this group

No heart disease group, 3201 
episodes

TABLE 1.  Age distribution of the entire cohort of paediatric patients with respiratory 
syncytial virus infection, those with heart disease (heart disease group), and those 
without co-morbidities (control group)

Age Entire cohort (3538 
episodes)

Heart disease group 
(112 episodes)

Control group 
(3201 episodes)

<1 year 1577 63 1439

1 year 765 21 695

2 years 633 16 584

3 years 338 8 312

4 years 92 1 82

5 years 45 2 35

6-10 years 61 1 40

>10 years 27 0 14
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mean wind speed (r=-0.80, P=0.002) and monthly 
mean atmospheric pressure (r=-0.62, P=0.032) 
[Table 2]. Backward linear regression revealed that 
only monthly mean wind speed was significantly 
and independently associated with monthly RSV 
incidence (B=-31.716, 95% confidence interval 
[CI]=-48.61 to -14.82; P=0.002).

Impact of respiratory syncytial virus 
infection on children with heart disease
Overall, 225 episodes were excluded because they 
involved patients who had co-morbidities other 
than HD. The HD group had 112 episodes involving 
105 patients, while the control group had 3201 
episodes involving 3155 patients. The demographic 

and clinical details of both groups are depicted in 
Table 3. The HD and control groups had similar 
age distribution (median [interquartile range]=0.9 
years [0.46-1.97 years] vs 1.19 years [0.45-2.4 years]; 
P=0.068) and sex proportion (male preponderance 
of 56.3% vs 56.9%, P=0.899). There was no 
statistically significant difference in mortality rate 
(0% in HD group vs 0.03% in control group; P=1). 
Patient-based analysis revealed that the HD group 
had a higher RSV re-infection rate (>1 episode in 
the study period) than the rate in the control group 
(7.6% vs 1.7%, P<0.001). Respiratory syncytial virus 
infection was statistically significantly more severe 
in the HD group than in the control group in terms 
of the hospital length of stay (median=4 days [3-6 
days] vs 2 days [2-4 days]; P<0.001), respiratory 
failure requiring respiratory support (17.0% vs 5.1%; 
P<0.001), requirement of ICU care (11.6% vs 1.4%, 
P<0.001), requirement of invasive or non-invasive 
mechanical ventilation (3.6% vs 0.4%, P=0.003), 
and occurrence of complications (28.6% vs 9.8%, 
P<0.001). Respiratory failure and dehydration were 
common complications in both groups. However, 
heart failure exacerbation (n=13) and arrhythmia 
(n=3) only occurred in the HD group, while febrile 
convulsion (n=96), acute myocarditis (n=2), and 
Kawasaki disease (n=8) were only observed in the 
control group. There was no statistically significant 
difference between the two groups in terms of co-
infection rate (8.9% vs 7.8%; P=0.665). More than 
half of co-infections (55.4%) were due to respiratory 
organisms: rhinovirus was most common, followed 
by adenovirus, Haemophilus influenzae, and 
Pneumococcus bacteria (Table 4).

Predictors of severe outcome in cardiac 
patients
In the HD group, 26 patients had a history of partial 
surgical repair of heart lesions, while nine others 

Abbreviations: NS = not significant; RSV = respiratory syncytial virus
*	 R2=0.636
†	 Meteorological data obtained from Climatological Information Service, Hong Kong Observatory

TABLE 2.  Correlations of meteorological factors with aggregate monthly incidence of hospitalisation for RSV infection in the entire cohort, 2013 to 
2015

Meteorological factors† Correlation analysis Multivariate linear regression analysis*

Pearson correlation 
coefficient

P value Unstandardised coefficient, B 
(95% confidence interval)

Standardised 
coefficient, beta

P value

Monthly mean relative humidity 0.71 0.010 NS NS NS

Monthly mean wind speed -0.80 0.002 -31.716 (-48.61 to -14.82) -0.798 0.002

Monthly mean atmospheric pressure -0.62 0.032 NS NS NS

Monthly mean temperature 0.40 0.194 NS NS NS

Monthly total rainfall 0.53 0.075 NS NS NS

Monthly mean amount of cloud 0.50 0.076 NS NS NS

Monthly total bright sunshine -0.15 0.639 NS NS NS

FIG 2.  Aggregated monthly RSV-related hospitalisations among the entire cohort
of paediatric patients with RSV (3538 episodes), those with heart disease (heart 
disease group, 112 episodes), and those without co-morbidities (control group, 
3201 episodes), from 2013 to 2015*
Abbreviation: RSV = respiratory syncytial virus
*	 Data for whole cohort/control groups and heart disease group are shown on the 

left and right y-axis, respectively

500

450

400

350

300

250

200

150

100

50

0

40

35

30

25

20

15

10

5

0

N
o.

 o
f e

pi
so

de
s

Jan	 Feb	 Mar	 Apr	 May	 Jun	 Jul	 Aug	 Sep	 Oct	 Nov	 Dec

Month

Entire cohort

Control group

Heart disease group



#  Respiratory syncytial virus infection in Hong Kong  # 

367Hong Kong Med J  ⎥  Volume 25 Number 5  ⎥  October 2019  ⎥  www.hkmj.org

required urgent cardiac surgery after recovery 
from RSV infection. Four cardiac risk factors were 
identified: (1) heart failure requiring medications 
(n=26); (2) pulmonary hypertension (n=7); (3) severe 
airway abnormalities associated with congenital 
heart disease (CHD) such as pulmonary artery sling 
(n=6); and (4) cyanotic CHD (n=1). Each patient 
could have multiple risk factors; 75 patients had 
no risk factors. Regression analyses involving age, 
sex, and the four risk factors were conducted to 
identify variables that could predict the severity 
of RSV infection. Backward multivariate linear 
regression showed that total hospital length of stay 
was positively and independently associated with 
heart failure (B=4.65, 95% CI=2.55-6.74, P<0.001), 
pulmonary hypertension (B=5.52, 95% CI=1.89-9.15, 
P=0.003), and airway abnormalities (B=10.35, 95% 
CI=6.44-14.25, P<0.001). The ICU length of stay was 
positively and independently associated with airway 
abnormalities (B=5.90, 95% CI=3.73-8.07, P<0.001). 
Backward binary logistic regression revealed that the 
requirement of ICU care was positively associated 
with pulmonary hypertension (adjusted odds ratio 
[aOR]=20.67, 95% CI=3.74-114.21, P=0.001) and 
airway abnormalities (aOR=15.50, 95% CI=2.56-
93.84, P=0.003). Similarly, respiratory failure 
was positively associated with both pulmonary 
hypertension (aOR=9.27, 95% CI=1.41-61.05, 
P=0.021) and airway abnormalities (aOR=11.21, 95% 
CI =1.84-68.33, P=0.009) [Table 5].

Discussion
To the best of our knowledge, this is the first study 
reviewing the epidemiology and impact of RSV 
infection on children with HD in Hong Kong. The 
representative sample in this study included 43% of 
all RSV-related hospitalisations in the public sector. 

TABLE 4.  Co-infections with other micro-organisms in the heart disease and control 
groups (n=3313)

TABLE 3.  Comparison of epidemiology, mortality and morbidity of patients with and without heart disease who were hospitalised 
for RSV infection*

Type of infection Micro-organisms No. Infections, No. (%)

Respiratory infection Rhinovirus 56 144 (4.3%)

Adenovirus 22

Haemophilus influenzae 17

Pneumococcus 16

Influenza 13

Parainfluenza 7

Others 13

Gastroenteritis Salmonella 28 57 (1.7%)

Norovirus 21

Rotavirus 5

Others 3

Urinary tract infection 19 (0.57%)

Miscellaneous 40 (1.2%)

Total 260 (7.8%)

Heart disease group Control group P value

No. of RSV-related hospitalisations (headcount) 112 (105) 3201 (3155)

Age (years) 0.9 (0.46-1.97) 1.19 (0.45-2.4) 0.068‡

Sex, male 63 (56.3%) 1820 (56.9%) 0.899§

Mortality 0 1 (0.03%) 1

>1 episodes of RSV infection† 8/105 (7.6%) 54/3155 (1.7%) <0.001ǁ

Length of stay (days) 4 (3-6) 2 (2-4) <0.001‡

Respiratory failure (requiring oxygen therapy or 
mechanical ventilation)

19 (17.0%) 164 (5.1%) <0.001§

Requirement of ICU care 13 (11.6%) 46 (1.4%) <0.001ǁ

Requirement of mechanical ventilation 4 (3.6%) 14 (0.4%) 0.003ǁ

Requirement of inotropes 1 (0.9%) 6 (0.2%) 0.214ǁ

Occurrence of complications 32 (28.6%) 314 (9.8%) <0.001§

Co-infection with other micro-organisms 10 (8.9%) 250 (7.8%) 0.665§

Co-infection with other respiratory micro-organisms 7 (6.3%) 137 (4.3%) 0.338ǁ

Abbreviations: ICU = intensive care unit; RSV = respiratory syncytial virus
*	 Data are shown as No. (%) or median (interquartile range), unless otherwise specified
†	 Some episodes of the same patients were excluded when exclusion criteria were met for those episodes, such as the presence 

of social problems
‡	 Mann-Whitney U test
§	 Pearson Chi squared test
ǁ	 Fisher’s exact test
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Respiratory infection due to RSV was common in 
children in Hong Kong, causing 11.8% of hospital 
admissions for acute respiratory infection; it was 
most common in children aged <5 years, similar to 
the findings of another study in Hong Kong (96.2% 
vs 98.4%).13 However, the incidence of respiratory 
infection due to RSV in patients aged <1 year in the 
present study was lower than that in Western studies 
(44.6% vs 75%-90%).2 This is potentially because 
babies in Hong Kong are typically cared for at home 
with the help of grandparents or domestic helpers, 
rather than attending nursery facilities. Coupled 
with the small number of children in most Hong 
Kong families, this may have reduced the rate of 
cross-infection.20 Male sex was identified as a risk 
factor for RSV-related hospitalisation, as in prior 
studies, but the male preponderance in this study 
was slightly lower than that of other studies (1.32:1 
vs 1.44-1.65:1).2,13,20-23 The mortality rate of RSV-
related hospitalisation was extremely low (0.14%), 
which was similar to the rates in local and worldwide 
studies (0.15%-1%).2,13,15 Most deaths occurred in 
patients who had underlying chronic illnesses.
	 Although the seasonality of RSV infection in 
Hong Kong, a subtropical area, is not well-defined 
in the manner observed in temperate regions, there 
is a degree of seasonal variation. As in other studies 
from Hong Kong and Singapore,13-16,24 this study 
showed that RSV infection peaked in the humid 
spring and summer months, but was less common 
from October to December during the dry and windy 
season. Indeed, analysis of meteorological data 
showed that RSV infection was positively correlated 
with relative humidity and negatively correlated with 
both wind speed and atmospheric pressure. Relative 
humidity has been consistently associated with RSV 
infection rate in other studies.13,16,25 Notably, RSV in 
large particle aerosol form is more stable at higher 

humidity and may thus favour transmission.25 While 
temperature, rainfall, and sunlight were associated 
with RSV infection in previous studies,13,16,25 this 
study showed that wind speed was negatively 
associated with RSV infection. We presume that 
strong wind disturbs the stability of RSV in aerosol. 
We recommend that individuals who care for 
young children maintain a dry and well-ventilated 
environment to decrease the likelihood of cross-
infection. In addition, this study highlighted the 
differences in RSV seasonality in Hong Kong, relative 
to other parts of Asia. Taiwan has two biennial peaks 
(spring and autumn), while Malaysia has a single 
peak infection period (September to December).22,23 
Thus, local epidemiological and climatic data are 
pivotal in determining the appropriate timing for 
RSV immunoprophylaxis.
	 In this study, we included all types of HD, 
rather than CHD alone; notably, acquired HD, such 
as cardiomyopathy, can increase vulnerability to RSV 
infection.26 The characteristics of RSV infection in 
cardiac patients have changed. First, the percentage 
of cardiac patients in this study was lower than that 
in prior studies (3.2% vs 8%-16.4%).3,22,27-29 Second, 
the outcome of RSV infection in this study was less 
severe than that of prior studies with respect to the 
requirement of ICU care (11.6% vs 30.4%-63%), 
requirement of mechanical ventilation (3.6% vs 19%-
24%), and rate of mortality (0% vs 2.5%-37%).3,22,27-

29 These differences may be related to the ongoing 
tendencies for economic and healthcare improvement; 
they may also be related to good antenatal ultrasound 
service, termination of pregnancies involving severe 
CHD, and easy access to medical service in Hong 
Kong. However, as in other studies, children with 
HD in Hong Kong exhibit significantly more severe 
outcomes from RSV infection than do children 
without co-morbidity.15,22,26,29-31

TABLE 5.  Potential predictors of severe outcome from RSV infection in patients with heart disease

Abbreviations: 95% CI = 95% confidence interval; CHD = congenital heart disease; ICU = intensive care unit; NS = not significant; RSV = respiratory 
syncytial virus

Potential severity 
predictors

Multivariate linear regression Multivariate logistic regression

Total hospital length of stay ICU length of stay Requirement of ICU care Occurrence of 
respiratory failure

Unstandardised 
coefficient B 

(95% CI)

P value Unstandardised 
coefficient B 

(95% CI)

P value Adjusted odds 
ratio (95% CI)

P value Adjusted odds 
ratio (95% CI)

P value

Age NS NS NS NS NS NS NS NS

Sex NS NS NS NS NS NS NS NS

Heart failure 4.65 (2.55-6.74) <0.001 NS NS NS NS NS NS

Pulmonary hypertension 5.52 (1.89-9.15) 0.003 NS NS 20.67 (3.74-114.21) 0.001 9.27 (1.41-61.05) 0.021

Severe airway abnormalities 
related to CHD

10.35 (6.44-14.25) <0.001 5.90 (3.73-8.07) <0.001 15.50 (2.56-93.84) 0.003 11.21 (1.84-68.33) 0.009

Cyanotic heart disease NS NS NS NS NS NS NS NS
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	 In the present study, myocarditis and Kawasaki 
disease were complications of RSV infection in the 
non-cardiac group. These associations have not 
been extensively reported in prior studies, and 
further investigation is needed. The lack of these 
complications in the HD group may be explained 
by the much smaller sample size in that group (the 
HD group had 112 episodes involving 105 patients, 
while the control group had 3201 episodes involving 
3155 patients). The rate of co-infection with other 
respiratory viruses in this study was low compared 
with that reported in a meta-analysis (4.3% vs 
≤50%)2; however, the findings were similar in that 
dual infection led to a more severe disease course 
and that rhinovirus was the most common co-
infecting agent. Notably, adenovirus was the second 
most common agent in this study, whereas it was 
human bocavirus in the meta-analysis; the presence 
of this virus is not routinely assessed in Hong Kong.
	 Within the HD group, we identified three 
severity predictors for RSV infection, namely 
heart failure requiring medications, pulmonary 
hypertension, and severe airway abnormalities 
associated with CHD. The first two have been 
well described3,22,26,27 and were included in the 
American Academy of Pediatrics guideline for RSV 
prophylaxis11; severe airway abnormality associated 
with CHD has not been extensively investigated in 
previous studies of RSV infection. Pulmonary artery 
sling with tracheal stenosis is not easily identified 
during prenatal examinations and some affected 
patients remain undiagnosed for a few months after 
birth. The disease may first be identified during 
respiratory infection, such as RSV, and most patients 
exhibit severe courses of disease. In contrast to the 
findings of the Taiwanese study,32 we did not find 
cyanotic CHD to be a severity predictor. This was 
potentially because the number of such patients was 
very small in our series (n=1). Indeed, the number 
of live births of patients with severe cyanotic CHD 
is decreasing in Hong Kong due to the high rate of 
termination of pregnancies involving the disease. 
The number of surviving patients with severe 
untreated cyanotic CHD is also small, as they either 
receive some form of surgical treatment or do not 
survive early infancy.
	 Early studies stressed the importance of hygiene 
and infection control for the prevention of RSV 
infection.20 The IMpact-RSV study in the late 1990s 
led to the approval of palivizumab (a monoclonal 
antibody) for passive immunisation in the US in 
1998 and in Europe in 1999 for children with chronic 
lung disease or prematurity.5,6,33 In 2003, the use of 
palivizumab in the US was extended to children with 
hs-CHD (heart failure, pulmonary hypertension, 
and cyanotic CHD) who were aged ≤2 years.7,34 
Comparable national guidelines have been gradually 
adopted globally, including in Asian countries (Japan 

in 2006 and Korea in 2009).8,9 In temperate regions 
with a distinct RSV season length of approximately 6 
months, the typical palivizumab regimen is monthly 
intramuscular injection at 15 mg/kg/dose during 
the RSV season, with a maximum of five doses. 
However, in subtropical regions without a clear RSV 
season, monthly injection may be necessary for the 
entire year, which is costly. In 2011, a study in Taiwan 
showed that a protocol of six consecutive monthly 
doses in at-risk children, beginning when the risk 
was initially detected in the first year of life, was 
also effective.10 Currently, the American Academy of 
Pediatrics limits routine RSV immunoprophylaxis to 
children who have acyanotic CHD with heart failure 
or pulmonary hypertension in the first year of life.11 
In the United Kingdom, children who have cyanotic 
or acyanotic CHD with significant co-morbidities are 
recommended to receive RSV immunoprophylaxis 
until age 2 years.35 In 2017, however, an international 
steering committee broadened the indications to 
children with unoperated hs-CHD or symptomatic 
airway abnormalities who were aged ≤2 years, as 
well as children with cardiomyopathy requiring 
treatment who were aged ≤1 year.36 A Canadian-
Italian group questioned whether children with 
hs-CHD need higher doses of immunoprophylaxis 
because of their increased inherent risks.37 
Numerous studies have shown the safety and efficacy 
of RSV immunoprophylaxis and its long-term 
benefit in children with HD.6,30,38-40 It is therefore 
imperative to establish similar guidelines in Hong 
Kong. In accordance with local experience regarding 
bronchopulmonary dysplasia in premature babies,12 
an RSV immunoprophylaxis scheme administered 
monthly for five doses, beginning in the first year 
of life, should be considered in children with HD 
who exhibit severity predictors such as heart failure, 
pulmonary hypertension, and/or severe airway 
abnormality related to CHD. The optimal timing for 
immunoprophylaxis may be during the local peak of 
infection, from March to August.

Limitations of this study
Because this was a retrospective hospital-based study, 
the incidence of RSV respiratory infection may have 
been underestimated; however, we presume that only 
patients with relatively mild disease were potentially 
omitted. As in all retrospective reviews, this study did 
not use a pre-defined protocol for management and 
clinical documentation. This limitation was partially 
addressed by analysing objective clinical details 
which are relatively standard and easily retrievable 
through electronic means. We also collected out-
patient follow-up records when necessary to provide 
additional information regarding co-morbidities. 
However, instances of re-infection before and after 
the study period were not assessed due to technical 
limitations, which is not ideal.
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Conclusions
Respiratory syncytial virus infections are common 
in Hong Kong, and the incidence peaks from March 
to August; prevalence is greatest in children aged 
<1 year, and there is a mild male preponderance. 
Infection is favoured by high relative humidity, low 
wind speed, and low atmospheric pressure. Heart 
disease, both congenital and acquired, is a distinct 
risk factor for severe RSV infection in terms of 
hospital length of stay, reinfection, complication, 
respiratory failure, and the requirements for ICU 
care and mechanical ventilation. In Hong Kong, 
an RSV immunoprophylaxis scheme administered 
monthly for five doses, beginning during spring and 
summer in the first year of life, should be considered 
in children with HD who exhibit any of the following 
severity predictors: heart failure, pulmonary 
hypertension, and severe airway abnormalities 
associated with CHD.
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